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(57) ffijffij] 

1 , 3 -^D/t>S?t- J^CD^CD&feOBfemS^ 

T\ dhaR, orfY, dhaT, orfX, orf 
W, dhaBl, dhaB2, d h a B 3 TkX$ o r f Z 
£fflV>TJ£ftlte&£n&E. nu©ffiffl{cj;t)^$ 
n> rnscDiteTrot-^TttSF^S^ l/7->X7 ■ n 

$n&. *$£W<DtiiOmWiZjS^T, G3PDH, G3 
P^77^- if, -xt if&tf^t: F^— 1f 

ssis-toff?- s n - ft sae^s-^rr e . 

3UtIK G3PDH, G3 P*X7y^-if, 5*fc 

y*5&—m> =fM V s ??— vmm&fcmmfi, 3- 

7n;\>i?t- J^*->h*l^^^— If (dh aT) £ 
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( f ) IB^iJ## : 5 7©75/ KE^J©^* <H80 %«r^Ti-54»& < £ 

(d) o. ixssc, o. i%sds, 6 5t©Myyy<^x-^3y 

^#T"C (a) ^M^P ^V^7^ — >-3 2XSSC, 0. 1%SDSS 

U»^T0. 1XSSC, 0. 1 %SDS5:ffiV^-C*#$nfc¥-«l$nfc^^7 

(e) (a) , (b) , (c) X« (d) ^tBffi«I-C«)S^l(i$^SBft7 9^ 

& ^T/V (Cytrobacter) N ^y^T us^t? (Enterobact 
e r ) , jrvxy V i?&J» (Clostridium),^ U^i/^y (K 1 e 
b s i e 1 1 a) „ T^-ns<Vr jV (Aerobacter) „ y 9 h^vvW* 

(Lactobacillus), 7X-<;V^/V7 (Aspergi 1 lus) 
„ If <y # n 5: -fc;* (Saccharomyces) , v^"^ y^n^t^ (Sc 



(3) #S 2003-507022 

hizosaccharomyces) „ *f~ -y^n^ir^ (Zygosac 
charomyces) , T (P i c h i a) , ^/W<n ^-feX (K 1 u 
yveromyces) „ (Candida) „ /N^-fep? 7 (Hans 

e n u 1 a ) „ f ^ V "fer^ (Debaryomyces) „ A=f/V (Mu c 
or), h/^n-7°>'^ (Torulopsis) x ^ ^n/*^ f/V (Me thy 
1 o b a c t e r ) „ (Salmonella), ^vvVX (B a c 

i 1 1 u s ) . T^n/<^"r;V (Aerobaeter) , Uy° h ^iTX ( 

Streptomyces) 2&.U ? v'.=£.' — K^'T'X (Pseudomonas) <£ 

[ft^l!7] (a) ft K7^-€ffitt^ft5*°y^^K^n-Kt 

(b) ft K^*— WfStkffcB^S:^ — R-f-6d>&< loolfe^ ; 

(c) 3-tKn^nt"ty7/VftK^l, 3-^n/^^-;Vtfe 

m-r s # - &m&jmmm& = — k-ts^ <hi oc^a^at^ 

£rafrl, 3-^p^y^-;w41tfffl^»t^4ti*efeoT > 1, 3 
^D7^y^7A, ^w^i/rc^ Txn/^f/K ^h^v'/W*. 7X^/V 

8 ] $ : 

( a ) ^ y ± n -/v- 3 - y tKp y*7— -^?sH4Sr^rf-s # y k 

(b) ^y-fen — /w- 3 -^^-7t¥— if^tt^^r-r^^y-^-^f K«r=* — K 
< HI ocDjffc^ 
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[ff^ll9] X t K7^- if SMttteB W d h a w^^t3>^bmil$ 
tl5or f XWor f Z J; 19 3- K£*b5»:&g 7 Xti 8 ©»ift4fe 0 
[WWSl 0] or fXMo r f Ztm&K? UZfi/^n, 

( a ) ^ y i? n -/w^t-fgtt^^fs^ y K§r =» — K-f 1 oit 

fz^ ; 

(b) ^y-fect-/^t K n ^'t- f ffitt^ ft 5 /K K ^ ^ - Kt 5 

(single-carbon) SI «fc t) bKm^M^ 1 , 3- 

/p^v^t- MzLtmk-t&mim. 8 x» 1 1 (D%m,xM^m 0 

[ft 1 3 ] %mk%M»EMip> ? )) i? n — /K&i^ t Kn 3r i/Ti? h J; 

[ft^il 14] ^ y ir a — /i^- 3 - y t Kn ^-7— if ?§'|4£rW-f-5 

*°y^/f K^^-Ft^l^^GPDl, G P D 2 N GPD3, DAR1, 
gpsA, GUT 2. g 1 pD&t5g 1 pABCJ;!)^^?)!^!*^ 

8Xiil 1 (D%m,^M^Mo 

[fif^l 5] ^y-fen— /v- 3-*^7T^-if^'l4$r^"-r^^y^7° 
^K«r=*- KtSlWGPP 1MGPP 2 £ 9/&5i£a>bj®f£ft53*Jfc]g 

8xsi 1 (Dmm^-U^o 

ilfmsW 7 „ 8 Xtt l l (Dmm^M^m. 
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stunts 7 , 8 1 1 ©iitttm 

[iMl8] (a) (i) ft K7^-flStt^ft5* e 'J^f 

( i i ) ^y -fen — /u- 3 - y ^f t Kn tfEHfeSr^rt" 5 # y ^ 

^ K«r = — K-TS^^< Hi o<D3fr^f ; 

(i i i) ^yiro-/i^-3-^^7T^-if^tt?r^-r5* 0 y-<^K 

( i v) ft K7i?-W«i±^H^Sr = - Ki~5^< £ felo©lfc 

: f- 

J; 9 1 mcD^Httitfe^ ; ftfeVi: 

(b) 3 - t Kn ^^7"n t°ty7^f t 1 , 3—7us<^i?Xr—MZ.1fc 

m-r^w-wmmnmm^^- k-t hi mftm&m.te* 

^r-atfam^E. 3]] (E. col i) tfcot, UliE. n^Ptl, 3 

[ft 5^11 19] (a) (i)^y-fen ■ — /V- — 3 - y ^ift Kn^f-if 
^tt^W-r5* 0 y^^f K^n- K-t"S^Jfe< £ felool^ ; 

(i i) ^y-fcn— ^^tt^r^i-^^y -<^f KSr 

(iii) dhaR, o r f o r f X. o r f W N d h a B 1 „ dh 
a B 2, d h a B 3 o r f Z (Datfe^jg^Sr = — K-f6^&< 1 0©5t 

=t 9 ^c^> i a©^Hffitfifs & few- 

(b) 3 - t Ko =3r^o t°ty7^f t Kir 1 , 3 -^n/^-y^r— MzJB 
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m^m 20] zbi^ ^■mB^m^^mmti-^mmmm^m-r 

(b) ^ytD-;vft Kc^t- ^flHSSr^r-t-SsKU^^KSra— K"t"5 

( c ) hv*-*v ywtf 9—e&&&m-rztf v k&=- k-ts 

5 ft^l 9©*atfe;tE. ap. 
[ff^il 2 1] ( a ) 31 L^^#T-eHI^ 1 9 X«ft*ll 2 0 <DM&%. 

irk lo©MI^ftt$*. -^tU^i;*) 1, 3-/o/^^/v?r 

41L ; 

(b) (a) -C4S$^5 1, 3-7 P ci/^Vv ; ^--/V^»#^J;'9[H]I]X-r^ 
r £r Sr^-tf 1 , 3 -^o^^v?^--/vc>^^0(Dfci6(D^ o 

[ff^^22] (a) ftt^l 9X[i2 0O|lME. = yfc5V^2££> 

K : 

(i) T^t - ^ttlrft^^y^K^n- Ki-5^3&< £r 
1 ocD^HttitfE^- ; 

( i i ) ^tr K9^— ^W^^bH^% = — K-f-5^3fe< £r 1> loco^H 

(i i i) 3 - 1 Kn ^fi/^n t°tyW t 1 , 
Sr^-tfW 1 9 Xtt 2 0 0>*ajfc*.E . =» y ^ y ir a — /v&u^fc Kn^rv' 

(b) (a) 3-^0^^^— /i>&m&\z:& ^nm-rs 

[IIM2 3] (a) lam^-E. 3!)^l®MMf2©Mi 
&ftfe£ii\ tiiE. ^ y W: : 



(7) 
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(i i) ^rfc K7*-im^fbH^& = -K^S4»fc< £ loO^H 
(i i i) 3-tKo^nt°ty7^ftK^l ( 3 -t/h/n^v^ 

— if^i4Sr=»— Kt^ilttd h a T3fr&?-te«E*-#\ loilfl 1 <Dvzm 
aiti^y-fen— /kZfctf^t: Kn^Tt h^J: 9 fifeSS^ibittftK I2©^i 

(b) (a) 3-7"n^^^— /VSrii^^iUIlIiR-rs 

(a) (i) ^yirn— /V- 3-y ^m^t Kn^t- if?£'f43:^i-& # y 

^ K§T3— K1~ 1 1> 1 o<Z)j1{k^- ; 

(i i) ^yirn— ;v- 3-*^7y?— J tim&%:mir%yi-°V^^V$: 

(iii) dhaR, orfY, orfX, orfW, dhaBl, dh 
a B 2, d h a B 3RZfo r f Z <DjtfE^K%£- K-T5'>ft< £ 1 ocDit 

£ 9 fifes 1 m<Dft.m&&fc^ ftbmz 

( i ) -fen— /V^— ff^tt^rW-r^^y ^7°^ K«r = — F-TSifre 
(i i) ^y-fen-z^fc Kn^t- ^'l4Sr^-r§*fy-<^K?: = - 

din h y^-- *y yi^y^7- t^tt^^s^y-^^K^ 
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Sr-g- tfff 2 3 cD^i D 

[ft^il 2 5 ] IH^IJ#^- : 1 ^^"T 1 a&^ate^ d h a R N orfY, d 
h a T\ orfX, o r f W N dhaBl, dhaB2. dhaB3Mor f 
Z ^-pDT2 9 0 

[f«3S2 6 ] m$m^ : 1 l^td h a R N o r f Y, o r f X, or 
fW % dhaBl, dhaB2 N dhaB3Wo r f Z^t^^-pKP 
3 2 0 

[t»^ii2 7] (a) #*ewat^£*^tei-s^&&s%^L : 
(i i) j/y -feo— Kn^- if?gtt^^i-s* 0 y^^^ K^a- 

J; 9 2 ocDrtHttitfeT-cD l U ; 

( b ) ^ y -fe n — a,- 3 - y tKa if m^^-r a *° y k 

( c ) ^ y -fe u — /w- 3 - 7 r ^ -if^tt^rttS^ U K3r = — K 

(d) 5 Kp KP 3 2 

imim. 2 8] ( a ) ^it^^it^^-tr^'^b-r^^^M^w u : 

( i i ) if y -fe n — /Vt* k Kn ■^ffittSr^TfS # U = — 

(i i i) h y y 9— vmtik&^rrztfv^-T'?- KSr = 
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[»M2 9] (a) 5ibfc^#T(-^ dha^any^lol 

^ss$m^«i, ^-y^s, ^mmRxii -mmmmz vmzmfabm&ti 

7 

(b) (a) -e4S^l, 3 -zfv<>'i?*—/l'&m&K£ V mtiCtZ 



(10) 2003-507022 

[0 0 0 1] 

^(D^^WIs^: (bioconversion) i££ratf 0 
[0 0 0 2] 

[**] 

l, 3 -/n/^^ /wi, ^y ^^^/Htfto^&ibun-^y 

[0 0 0 3] 
[0 0 0 4] 

^Uirn-;V©*^1, 3-/0^^^41-^5^ tit ltt 
iB^^SWM^bfE^J-efco^io h^y^^/V (Cytrobact 

e r) „ ^n^^^^A (C 1 o s t r i d i urn) „ xyf n/^r;W (E 
nterobacter) „ 4 V Jrs^VTJV (I lyobacter) , 9 W:/ 
i/rcy (Klebsiella),^ Y^-y;V^ (Lactobacillu 
s) Rt^B/^f^ (P e 1 o b a c t e r) ©Hl:JJV^t, 1, 3-:7°n^ 

/Vy^fc K (3-HPA) RXf7k^(D -;KDfet, ^llrttltSo 12 
^pg^*3V^T, 3-HPAMAD '-^t^KW^- iff-J^ 1, 3 
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^!)tn-/M3-HPA+H!0 (5fc 1 ) 

3 -HP A + NADH + H ' -+ 1 , 3 -zfustl/i?*— ;V+ N AD + (5£ 2 ) 
mWmz#mtZo ^#ftjRj£ratl3f7cM§* (a reducing equi 
va 1 ent) ^MB^, jStc $ frfc j3 -~=i^-^T 5 VTf—lsi?* # 
K (NADH) (Drnm-ZmmV, ^il-n^yr? KTf-^^^f K 
(NAD ) m^tl5„ 
[0 0 0 51 

^ • =-=!■— ^:=-T (Klebs iel la pneumonia) 

, is h • 7H»S?>f (Citrobacter freundii 

) TOo^yy^ • /^t^!)7?A (Clostridium pas 
teur ianum) id^oV^Xtt, ^y-fen-;I/ft K7^— ^©3o©f]gt 
^3.=. s/ hSra- K-rSJtfi^ (dhaBl-3XlldhaB, C&tfE) tftfc 
IWl, 3 -^"n^^v?^-— /w^-drv/ K^^-f^a- K^Sst^ (dh 
aT) tigLTfitLTv^ (Ell Sr#flS$ixfev>) 0 ^h^W^M^-x: 

Mfc^Mrffc (genetic organization) fiV s >< fjd^^S^ 5 
, rtx^cOat'fK^-fi, o r f X&t^o r f Z (^y-tern — /l^fc ifOfc 

r fW (7fc&(£>#ltB<£>3t^?) fc-g-tf lo©ititotV>5 0 

1 , 3 -^D^y^- W^K^^- ; t? (dhaT' s) {41 

fefeZthX^^m-W^^— :73ttkU loi, 3 -/n^y^-;W3 
-H P A©N AD* /N AD H^ffiS^itSf^tt^f 1 5„ Ld>Lft 
#S£>, 1, 3-7°n/N t y^-;W3-HPA©NAD t /NADH^I 

Jffli&^^BiWr/Wa— /V7t Kn^t- if (E. C. 1. 1. 1. 1) ) 0 
^ytn^f t K7^-f (E. C. 4. 2. 1. 30) AW*— [ 1 , 
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2-7 , n/Ny^t-;P] f k K7^-f (E. C. 4. 2. 1. 28) ttBBJtU 

i/rn^ • ir^r-y (Klebsiella oxytoca) 
•f7^fA!]')A (Sa lmone 1 1 a typhimur ium) fi>h(Di/ 
Jr—tv^K K7^- ifitfc^te^y i?n — /vft K^* — iffcte^mi&TSsfl , 
o r f X$lO«o r f Z ^^©Jt^^Sr^tf 1 o^^M^f; o TV ^ (D a n i 
el et a 1 . , FEMS Microbiol. Rev. 22, 553 ( 
1999) ;Toraya and Mori, J. Biol. Chem. 27 
4, 3 3 7 2 (1 9 9 9) ;GenBank AF 0 2 6 2 7 0) o 
[0 0 0 6] 

-fen— /^Sr^^Hl^i: bT/lV^ £of|©^ittl^^Mt^f © 

fS-a-^y irn — /i^t* t Kn^-7-— if ^JiS^y tn- ;v©^t Kn^^Tthy 
(DHA) ^<Z)^b, ^ 3 ^ttf ^ y t n -;KCif5 WgS^^l < 0 DHA 

fcfc N DHAdrt-ifti^^t Kn^rv'Tirfyyyt (DHAP) ^©Dyi 

lb (5£4) tit, 

i?n — ;HNAd'->DHA + NADH + H (^3) 
DHA + ATP— >DHAP+ADP (5^4) 

NADH?ritt5©l?l^<4It5 0 

[0 0 0 7] 

^ l^v^rc^- . ^a-^^7x (Klebsiella pne umo n i a 
e) S.^hn/^r^- 7W7> / v ! 'fOt^ ^ y i? n — /l^fc K7 9— £ ( 
dhaB) , 1, 3 -^n^^v?^-— /Vt^K^^- if (dhaT) % ^ 
!jtD-;Pft Kn^t-if (dhaD) RTfi? t Ko ^v-Tir h ^^-7-— if ( 
d h a K) (Daf^«JtlS#L^tt^^- K-T5it^«dh a u^nyia 
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jftfc^ (dhaR) t^b-CV>S 0 ^ h n r/HU 5 ^ l-/Vx 7 ^ b CD d 
h a 1/^3. a ^{^rcv-rc ]) ^rT • 3 ]J (Escherichia c o 1 i ) iC 

[0 0 0 8] 

©lit, ^y-fen— /^(75^^c7), at^i, 3-/n^y-^-;v^^yt 

/WOteife^a 5 atfi^f-fltfll (genetic machinery) Sriftf^ 
[0 0 0 9] 

XttEmbden Meyerhof P a r n a sltoit5 7/^ h-^ 
- 1 , 6 -~ y ^BH£KS:^UTteJft-t"Sr. ttdcfcoT^y-fern— /uSr^0-t-5 

6*^*^yir y ^^fi^y-ir/i-r/^fc V3-v>mKm^ti, ttn^co 

[0 0 10] 

Wfe&jia^^T y t, ^v'/w • y fi^^^ (b a c i 1 1 u s 1 
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icheniformis) t? Y/<\/}V^ • ]) a^yl/^ (L a c t o b 

acillus lycopersica) & If V -fe o — /k£r^J$; b, flMttH 
iK>t!)x7i (Du n a 1 i e 1 1 a s p. ) IOT^tp^ • ^ 
i/V* (Asteromonas graci 1 is) {CjoV^T, i^V^gpl&ft 

(osmotolerant) £ tt^Dtn-;^^ 

^(steering reagents)] ^JPx. ^ftfci^ y ft n 5:ir^J§^ 
ill ; fl>< bTallUJ^il^ifS (NADH) #s ^ y i? n — iV&^M't 6 7c#>tf) 

o 

[0 0 1 1 ] 

^y-fea— 71^- 3 - y IsWt\i Kn^— ^Sr=r— K-t-53t^ (DAR1, 
GPD 1) £SS. v?TX^^X (S. diastaticus) ^^n — =. 
^£tt, lE^IJ^^tL/t (Wang et a 1 . , J . Bact. 176, 
7091-7095 (1994) ) „ DAR 1 jtfe^f-fi^-T Y/V^?? — 

n-^^^^tt, e. = y ^fC^^Sfc&^/Bi^tK ^r-cfB3ateEH4ft 

il^4lLfc 0 Wang et a 1. (|^_b) liDAR 

i£ (osmot ic environment) "9 Pti5 £ tt5 r. i: &rfgiSs b 
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[0012] 

tk<D?y -fen— ;v- 3 - v >-m^t FW-r—iimm&WMZtift ■■ wzjz s 

n — tn-;v- 3-D y|f't Ko^t-fiSty*o ^-fe^ • tWlfv'T 
^ (Saccharomyces cerevi s iae) frh? n— 

JLolB^IJ^r^^tL (Larason et al.,Mol.Microb 
iol. 1 0, 1 1 0 1 (1 9 9 3)) v Albertyn et a 1 . (M 
ol. Cell. Biol. 14, 4135 (1994)) i4f j/*o • 

± u tr v-r^^ b ^ y -fe n — /i^- 3 - y t Kn sf-r—n &=i—vi-%G 

PDl©^n-=y^HBtLtV^ 0 Wang et al. (ID-L) i: IrI^I 
{^.Albertyn et al. J&'CFL arason et al. ©M^ 

[0 0 13] 

G3 Pr>H(Dm^tmm^, ^!Jtn-;l'-3-^77^-W->An^ 
1?^ • -felxlf^T^^^^-il^^, i^y^f^GPP l^t^GP P 2 5tfe^ 
IC «£ 0 =i— K£tt6 i ^^I^I^^tLfc (Norbeck et a 1. , J. B 
iol. Chem. 271, 13875 (1 9 9 6) ) . G3PDH^3-Kt 

zmfc^t mmK, g p p 2 nmrnmrn^ (osmosens i t ive) -e 

[0 0 14] 

us<Z/i/$-—/]/^(D 1 ^^E^fe^ (single microorganism 
conversion) LV^ x -^(75 J; 5 ^^^i-f*5£M^tL6-<^^ 

teV<DmM&foZ>^b&mm&thX\s^ 0 Mz.&G ottschalk et 
a 1 (EP 3 7 3 2 3 0) [i, ^hn/^r/W • 7l/^>-^, ^aX7D 
• T!7 h7/^y ^ A (Clostridium autobutyl ic 
urn) „ ^D^7!i^A- Zf^V ^ A (Clostridium butyl 
icum) %JJ? u-T^y^y • — a.— ^~T^£ra£f 1 , 3 — ^n^^vc*-— )V 
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i/AsX. • ^l/lf^ (Lactobacillus brevis) RTI? 9 b* 
Z/;V^ • -fp^jV (Lactobacillus buchner) (DWit, V 

y^-/^L/i^ (Ve iga DA Cunha et al., J. 
Bacteriol., 174, 1013 (1992) ) c IWJIIIJ^ ^ y ir n — 

^ •X/V • tf? y hn (Ilyobacter polytropus) CO^fi 

, ^^:T/^=i— x^tp^y-fen— ;W©^iSf/5^ 1 , 3- 

^p^^-^- /i^^^L&v^&5 5 r. ^/^^Ti^ (Ste ib e t 
al., Arch. Microbiol. 140, 1 3 9 (1 9 8 4) ) D 1 
HfC, Tong et al. (Appl. Biochem. Biotech. 
34, 149 (1992) ) fi s ^/Uro^ft K7^-f^^- Kt5 d h 
a U*?^ a >-&m^^XMmfc&:&tifcmMZ-^>^ V *T • = y ^Htt^/Hr 
n^/KD^TT^n^xXft^fv/o-^^fj 1, 3 -^n^^-^— /]^£r£ 

[0015] 

^ y -fe n — /l^ £> CD 1 , 3 -^n^^vo}-— /^<DilX^^fa_h £ i££f^/$^^ 

§l£-fr5^ hn/^r/i^ • 7 RTf? U7^=^7 ■ ~a.—^=-T^ d 

sm 4 2 7 o<Dfo±mmzmir%frmzteif&m±7!)mffm?ktstix\<^z> (g 

ottschalk et al., |ff]_h. ; ^^t^l-T r a n -D i n h e t 
al. , DE 3 7 3 4 7 6 4) ; L ? V ir n — /^U?^=r — ^ ^ifc 
l^^J^ • ^~T^ ATCC 2 5 9 5 5©^I» 

(CM LTtt#fFff^ $^T*5 x *Hfil, 3 -7°us<l/i?*— fr&±mvfj: 
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J^o/ci (I— T. Tong, Ph. D. Thesis, University 
of Wisconsin — M adi son (1992) ) D jB&jLa^isx. V *c 

t ■ n y las^to-;^ ^>3-xxft7/^ v—^(D^mm^m-r^>u 

/^±m^ti^^ (Tong et a 1. , IWlJb) 0 

l , 3 -/P^y^;^4it^^i©»Abifev^ t £^£bTi^-5 

o 

[0016] 

^^^^IBtt^tLfc (U. S. 5, 686, 276; WO 9821339 ;W 
O 9928480; RX^WO 9821341 (US 6 0 1 3 4 9 4) ) 0 

f£l^«T£>o/c ; 7>< bT7M»g#7*-f 3 ^j&>e> 1 , 3 -/p/nV^- 

#57t^(7)m^/V^ »W^^-il^ 3 D-b^^^-e^ > § o i, 3-7"n^y 

v 5 ^-— /V— (D^yiro— ;KD7x K^s/^ (fed batch) JU^^^m 
mn?n^y y v?r>^ . ^y ^ AidJ; H5g/L (Sa int - Am a n s 
et al. , Biotechnology Letters 16, 831 

(1994) ) N ?u*yy >^r>^ • ?j»$*mmmmfc£ k> i 1 g/L ( 

Abb a d- Andaloussi et al. , Appl, Environ 
.Microbiol. 61, 4413 (1 9 9 5)) N ^ W^i/rc^ ■ ^i^l — 
^^T^Hi!) 6 1 g/L (Homann et al. , Appl. Bier 
obiol. Biotechnol. 33, 121 (1990)) RXf-y h 
^T^-71/7V^(af)3 5g/L (Homann et al., H?|_L) 
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[0 0 17] 

3=mmz*km-fZ> J $> v )J7X»h& 0 i, 3 --^n^y^^r—zv^^M^^M^^- 
gtmMmKlfccofcZxDmKt VX^V -trn — U ^OH^rif fc K 

ADH- (tKttNADPH) Mttt^KW^^- ificlj;^ 1, 3-7° 
[0 0 18] 

^f/vfiiL-CE. ^y (e. col i) ^ffiV^ 0 *^^(Z> loofiiJStc^o 
3 -^n^^v?^— frOr*?*/ Y^&tZ— if (dhaT) % ^y-fen— /V- 3 - 

y y|ft Kn^t-w^ytn- /v- 3-^77^- tf&a— K-rsst 

[0 0 19] 
[0 0 2 0] 
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&Z>lz&mW\-±. 1) ^y-fea— /K 2) i?t Kndfi/TthX 3) ^JJ-fe 

51, 3-Zfvs<^i?$-*- ;V(D$eM\-±, 3-HPA^l, S-^n^y^/V 
^m-r5^-#SWtt^tt^^^i-5c 3-HPA&1, 

s jxmm^m^flk^ n & 1 , 3 -^n^^v^— < 5 

„ 3-HPA&1, 3 -/n/N 0 y^t-;i-i'^t5 

-efc^> hmznz. 

[0 0 2 1] 

( a ) IB^IJ#^- : 5 7©7 5; 7 ^Sa^^TimilfClft^Sr =*— Kt5¥ 
(b) la^lJ*-^- : 5 7 (DT 57 WJ©f^TXf±IW^^n- K^S* 

( c ) nmm^ : 5707^/ HIE^J<7V>& <H8 0% (at least 
80% with) lrtt^>*< t 3 8 7i®7^ /t©Jif y^7f Kl- 

(d) 0. 1XSSC, 0. 1%SDS, 6 5t©/^7'!)^^x-^ 3 y 
^#T7? (a) t^-T^y ^Wi^n — i ^3 2XSSC, 0. 1%SDS, 

M^TO. 1XSSC, 0. l%SDS?rffiVNT^$tL7i^Sf$txfc^ 

(d) (a), (b), (c) x« (d) ^mmm^^mm^titcmm^^ 
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[0 0 2 2] 

^•TVK xyro^^f/I^ (Enterobacter) , ^a^^D v^i*. 
^ l^v^^, T=c-n/<fr/V (Aerobacter) . 9^ h^vvV;* N T 
^^/l^^/ix^, (Aspergi 1 lus) s i^^^n^ir^, i/y't jy # a 5; ir 
(Schizosaccharomyces) N ^ i/^d ^'tT. (Zyg 
osaccharomyces) N tf^T (P i c h i a ) „ ^/W -^n^-feX 
(Kluyveromyces) „ # l/i?? (Candida) , ( 
Hansenula) „ 7*^ y (Debaryomyces) „ 

(Mu cor), h/PP:/>^ (Torulops i s) x ^^n^^y^;V (M 
ethylobacter) , ^/V^Er^^ ( S a lmone 1 1 a) , s^yjVK 
(B a c i 1 lus) „ T=^xi/<>7J-;V (Aerobacter) „ \s~f V 

(Streptomyces) N ^ V ^cTRXPi/ zl— \^ff-* (P s 

eudomona s) kyj&Zmfrbm&tlZW&to&M&fe&fZZk&'eZ 
5o E. ny^U^±Tfc5 0 
[0 0 2 3] 

Sot*15eii: (a) ^y irn — /w- 3 - y Zs&fM Kn^t- if ? ! §tt : S^^" 
-t-S/}^ 0 y K^^- K-T6^>^ < £fc locDit^ ; (b) j/y-irn— /k- 
3 -*X7r^ -if ?gtt^^--r 6 aK y K«r=»— K-T54>&< £ % loo* 
fc^; (c) rt K7^-fSMft5jK!J^f K?r3-Kt5'M< ifc 
1 oOjtfE^ ; (d) K7^— tfffiStt-ffcH^Sra — Ki"S^?&< Hlo 
OatfK^- ; (e) 3-t Ko^>7°nt°ty7^Tt K^l, 3 -^cy^v?^ 



(21) 2003-507022 

6«f£ttd h a T5H£^tf5#£L&^ 1 , 3 

(0*u<f*E. 3!J) -efcs 0 M^&vm&xM^Mte: (a) ^y 
hy^-^yyt-Yy^ 9— tfiStt&^s^y ^t"^ K&a- K-T Sitter 

^E.o 1 , 3 -^a^v^— /V^-^r^ i?i£t££r = — K^Hf^ 

ttd h a TM^^^StTl^Ml^E. n^fll, ^~ y =f*jRg % 

b) (a) irii^Ml, 3 -^n/N^^-z^^r^^J; 19 milx-rsr 
"at? 1 , 3 -y B vs<^i?^—/U(D^mcDfc#><Djjm%:^& 0 
[0 0 2 4] 

*3§Kft : (a) ^mmmm^m^^mmm, *v=mm. &mm&x*i 

3--7vs<>-i/3-—/U&%Lm^; (b) (a) 3 
[0 0 2 5] 

(a) (i) K^^—^SttSr^i-S^y^^ K«r = — K1-£4»&< t 

t> 1 0<Z>iHS^- ; 

(i i) K^^— €W^H4^H^Sr=t-K-f-5^< 1 1> lo©i 

fe^ ; 

(i i i) 3-tKn^at 0 ty7;vftK^l, S-^n^y-i? 
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; 1, 3 - ^n/^S?t-^^ Kl^^^ ^- K-f-SttttBtSid 

1, 3 -T'o^y^^Sr^jiL ; 

(b) (a) -C4S$ii5 1, 3-^0^^^— ^Srli^l!i«t«5lHliR-t-5 

[0 0 2 6] 

1 ©^»t;f 2 illHiE. (i) ft K7 

( i i ) ft K7^- ^n^mm^*^- F"T5'>^< £ lo^Bttatfe 
-dp ; (iii) 3-t Kn^r^nt'tyT/vft Fll, 3 -^n^^i^— 

»fcf*i ; (b) (a) -e^m^tbS 1, 3 -z?x2s<i/i/Jr—/v%M^£ Y) 0J& 

■tz>mmx*&z> 0 *-ftWKttiitfe5:w^^5 0 ^~ Wit <Dm 

#t^oV^TfflV^btLS*£^X.E. ^y«^^i^: (a) (i) ^ J7 -fc P — 3 

- y yift ru if^tt^-rs^y k£=i— k-T6^>^< 1 t> 1 

o<D5t^^ ; (i i) ^y irn— /v- 3 -^7/ ^— tf^teSrWi'S^y 

J- Kf'3-"FT5ro< H%iocD3t^F~; ( I I i ) dha R, o r f Y 

% orfX, o r fW N dhaBl, dhaB2, d h a B 3 Rtf o r f Z (DM 
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f£MH\ f£bmz (b) ^-mm^m^^mmtir zmmmmzmv ( 

i) ^y-fern — /Vdr^—^fiH4^-f-6^y-<^ KSr = — K^st^ ; (i 
i) ^y-tra-zv^t Kn^-if^t4^^-r5^y^^K?:^-K-r6jlfe 

[0 0 2 7] 

m^^-b: (i) ^v^ti-^-f^-ifm^m-r^^v^^v^^-v-r^ 

JUS^ ; ( i i ) y y ir o -/V^ t Kn if l&tt^^-T 5 *° y K 

K-T^aftH-^-J: "9^5 2o(DrtHteitfE^-(D lia ; (b) ^y-irn — /k- 
3 - y >-H-7*t Knyt- feffitt^-T&^y K«r=»- Ki"3'>&< t h 

1 oO^HttilfK^- ; (c) ^y irn— /Ix- 3 -^n^^t^— 
y^^KSr=— K-T5#ft< t ^ loco^H^at^ ; ftfeuqc (d) 7°^^ 

n"pKP3 2^tf»x:E. ni)ftKLP2 3/^W: (a) #3tfcW3ft 
fK^-^^ttft-rS^MM^^b : (i) ^y -fen-/^^- 

y K^rn— K*t*<5 itfe^- ; (i i) ^!)tn — A^f t Kn y feStt 

^m-r^v^-zff- kst=— K-rsae^ : #.u* (i i i) hyt-xyy^ 

y ^ y — 5 *° y K «r = - K-T 5 ifrfs^- J;i9j&53oc7>i*)Htt 

[0 0 2 8] 

mcD^mtenmiM ■. (a) c o K7^- if^tt^-rs^y^^K 

— K-f"S^J&< 1 1> lo<D5fr£T- ; (ii) if V -fen— /k- 3 - V fEtf** 
Fn^^tt^ttS^ y K«r=» — Ki"5^Jfe < £ 1 ocDiffS^ ; 

(i i i) ^y-fen— /w- 3 -*X7r^- if?Stt^^"i-?)* 0 y ^7°^ KSr = — 
K1~54>ft< £ t> lo©»^ ; ( i v) y*K K7^-if»ffittftBiF^3 
- Ki-S^J& <i!)l ot^jlfE^ J; ^51 iKO^Httie^- ; ftf,^ ( b ) 
3-t Kn^^aftyr/wft KSrl, 3 -^cr^i/^— /W£&&f 5# 

ny^^fL, ::«tE. aJ^Cttl, 3-^n/^v?t- /V^v- K 



(24) 2003-507022 

[0 0 2 9] 

m<DWm\Z : ( a ) ( i ) ? V ± n — /V- 3 - y V^rfc Kn^t-^Stt«r 

^-5#y^^K&=— K-t-54>&< fct io©igf ; ( i i) ^y-tn— 

;v- 3 -^^^T^—if^tt^r^r-l-S^y ^"7°^ K«r=x — 34>ft< Hlo 
OftHS^ ; S.t5 (iii) dhaR N o r f Y s orfX, orfW, dhaB 

1, dhaB 2, dhaB 3Mo r f ZCl^lifelrn- Kt5l^O'> 
* < fcfc 1 o^t^t y h i 9^5 1 «l©^Httl^, ft^C (b) 3-t 

KnWn bT^-^T/v^t KSr 1 , 3 -/P/^^-/Hcfeftt5#-f 1 
WMStt £r = — Kt5 / M<t%lo© BttiUS^- £r^ir*&ife x. E . aDt 

CtM^iE. ^ y SrJBl^^jfefc^U tifflfo : (a) ^ V -fe a — /l^-f 
-•^Ett^ftS^ y — K-T Sjft^ ; (b) ^y-fen -/v^fc K 

p^«^tt5^!)^f K*r=* — Ki~ Salter ; .KlT^ (c) h y 

[0 0 3 0] 

£©*S«tt£kl::, (a) 3SLfc^#TT% i^tfciJ^D© (immedi 
ately disclosed) E. = y £rl£$fgg, ^ y ^HS, 

, ^rtbl-J: "9 1, 3-/n/^^ /^4IL ; (b) (a)-C^0§ix51 
[0 0 3 1 ] 

*?>ffla (a) $e>fc : ( i ) vy?~-^m±&m-rz>7$V'<zf?- k 

fca- Kf5^>^< Hi ocD^Httatfe^- ; (ii)ft K9*~t?i5EH4te 
H^£^- Kt5 / M< t h 1 -ocD^H^itfK^ ; (iii) 3-tKo^ 



(25) 
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tt< khi^nmmmtmm&it, (to (a) ^i^si, 3-^u/n^ 

[0 0 3 2] 

[Six E^J©IB«2fct5^©*K©ffi^^|Si6] 
[0 0 3 3] 

illidha n yf^P-y P HK 2 8 - 2 6 ©E^lrt ©Afe^lB* 

[0 0 3 4] 

^ItcD 1 ocO^t^. fflV^Wctti4KLP 2 3/pAH4 8/pKP3 2"Cfeo 
fc„ W$k<D*fa(Dm^, fflV^nfcttttKLP 2 3/p AH4 8/pDT2 9tfe 

[0 0 3 5] 

H 3 ft*IStIti 7 ^|B4Sc-T6 tf ^ ?yB 12 CD— ^coftl^^r^V^fc 2 oco 
^^COW-eJt^^tt^^^^ [ (4#»fi/mL) /OD5 5 0] CD^ 
7 7Wo lo©S^ (HH) , m^^hfrhf'WnK~L P 2 3/p AH4 8/p 
KP3 2t»fcofc„ 'teCDm-^ (W) , ffiV' 1 f>tL7tttf~±K LP 2 3 / pAH48 
/pDT2 

[0 0 3 6 ] 

j£T\^& it 3 2 oco^g^i^coP H 1-t?i:bK £ § if ;V 3 — ^ ^ ^ ^ y -fe n — ;KD 
jRs*S©^97Sr*-t- 0 locot^ (HH) x JBV^ftfctfcfSKLP 2 3/p AH 
48/pKP32tfcofc 0 teco^ Oftjft) , fflV^Jlfc«ttKLP2 3/p 
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AH 4 8/pDT2 9tfcot 0 
[0 0 3 7] 

[0 0 3 8] 

m 6 te^tt^/V (native gel) ±(DrtHt4E. =r U ^=3f 

^ffIIl^5rJiWc2D-PAGEii^n y h"T?fe5o 
[0 0 3 9] 

6 8 (Dmm^mmR^mmw^Hir^mmm^ 37 c. f. r. § 1 

. 821-1. 825 ("Requirements for Patent 
Applications Containing Nucleotide S 
equences and/or Amino Acid Sequence 
Disclosures — the Sequence Rules") i'^c?^ 

§»J^t^V\ World Intellectual Property O 
rganization (WIPO) Standard ST2. 5 (198 
8) fribU^E PORTfP CT (DMmm^ki* (Administration 
InstructionscDRules 5. 2 RZF 49. 5 (a-bis)X 
^Section 2 0 8Rl5An n e x C) £: — §H"3 t?fc ^> 5 0 IB?lJC»|S 

«c«. ^iffl-rs- ^t^j; v^(Dmm*m^mmW(Dftmb?j:Z)NvL c 1 e i c 

Acids Res. 13, 3021-3030 (1985) ,&.<^B i o c h 
emical Journal 209, 345-373 (1984) fcfEifc $ 
tl/TV^ I UP AC- I YUBl?[uWUTSl^S?^W HWUfB-^- 

[0 0 4 0] 

ia?lj#-^- : lttpIBI31 (IBI Biosystem, NewHav 
en, CT) tpfc-y-zf? cr— n ^^ift,, pHK2 8-2 6 ^^JlfcpKP 
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2. lkb©EcoRl-SalI 7 =7 Ft > V ^^^$^-5 ^ V KIS 

[0 04 1] 

iB^IJ#-^ : 5 7tty q h D(C§§ LT^^S^ KE^J^Mt5 0 
[0 0 4 2] 

tfjlSA^iB udapest Treaty on the Interna 
tional Recognition of the Deposit of 

Microorganisms for the Purposes of 
Patent Procedure O^CDTi-^T^^JCOWf^ Srffo fc : 

IB^IJ#-^ : 5 8fiYa h D ti L 1x5 7 / »J^f 1 5„ 

(reference) % ^rf£c7) § # 

^y-fea— ;VtM K^^— if^^^r ATCC 69789 1 9 9 5^4M 18 0 

^m-r^jfmmmB. ^DH5 a 

v?t-;V7t K7^— Mil 3: ATCC 69790 1 9 9 5f4^18P 

&^^-i-Z>=L^ 5 KpKP4^ft5 

E. n]jMSP33. 6 ATCC 98598 1 9 9 7^1 lj325P 

g 1 p K^^^Stt ATCC 98597 1 9 9 7^11^250 

E. 3i)RJF10m 

[0 0 4 3] 

^WftB^/Bl^tLS TATCCJ 1 0 8 0 1 University 
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Blvd. , Manassas, VA 20110-2209 U. S. A. 
&31tfe><5American Type Culture Collection! 

n^tm^m-To rATcc#tj ra, at c c ^^feu/ci^(o^»— costt 

[0 0 4 4] 
[0 0 4 5] 

1, 2,-zfn^V"^—;v^r^r^Y\^^^^— if (dhaT) 
t? 1 , 3 -^o^>'v f ^---/^^^ciir^^j§i^^^^tj-6^V^l/-</V(D 3 HP 

tv^S £i^5mit^gB#ift^-^-cv^o #38 Wis . ^iitfc^E. ^ 
yflS % 3-t Fn^rv'/nt^T/Vft K^l, 3 -^a^^^— /M^lfcgl 
5ftBtt#-#l«iMttia •) N 3 -HP A^r l , 3 -^n/Ny^- 

, ^©^-#SW»SSKHtSr^J.o««Bted h a T^ttTi^E. ^y^S 

^T^-fe^^^tD^^M^^ofRjji^^c, at^ttd h a Tsrg-tfssa^n 

[0 0 4 6] 

lo©fflIl:UV^Ttt, -fen— /^s^/^Jt-e*) 0 , t±M(il, 
3 -^a^^v 5 ^-— /P^-drv- K — ir^tt^/j^ «fc 5 Klif^-M d h a T 
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[0 0 4 7] 

— j ef&&&m-rztf v k£=- K-r&'>ft < * t> 1 o^itis^ : (b) ? 

y-fen — /v- 3 -fr^-Tr?— ^m^^-t^V^f- K& = — Ki~5^< 
HI ocDjlfHT- ; (c) ft K7^-ifffitt^lit5^y^f K^n-Kt 
5 / M<^tl ocDate^F ; (d) ftF7^ -if S^ttteH^&r a - K"T 5 '> 
4<H1 ; RZP ( e ) 3 - 1 Fn^P t°ty7/vft KSr 1 , 

ism-r^o «0J^ftft l (Z)'^llJffi^^ov^T, ^f&m^E. =1 y ^cD«tgt*d h a t 

J^iiji-#bfifcJ; Di^»Sif5V^Vi^— ^^fe<7> l , 3- 
7° n s< >> is*— /V(Dtsm £r # x. 5 o 
[0 0 4 8] 

*sm\z. i o<D«»^jo^s»^itg^«^b(D i , 3 -^n^y^ 

l, 3 -7 p D/-?y^t-;^o^V3- x<Dfema)titf)<D%t&mfe, ?W7*i/^ 

7 • ^a-^Txd h a ^anylfef d h a R, orfY, d h a T\ o 
r fX, orfW, dhaBl, dhaB2, d h a B 3 RTF o r f Z &rffil^T 

mMM7x*mm~t-%-7 >; 7x^ Kp dt 2 9©«itiotv^ 0 

[0 0 4 9] 

*^W»flilc7MliJMK::Jo^T, G3PDH, G3P$^77^-f, ft K7^ 
— g\ ft K^—' ^SStt^H^t^X^IMttd h a T^=i— K-r^itfK^ 
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n^^>?^-— /KD^0c7)7fe#><7}£ b^efc&£tL7fe;fr?fe^ G3PDH, G3P* 
[0 0 5 0] 

lIl:MSlf B 1©«4#$ (prolonged cell viabil 

ity) £ Lt^?)^5o *^0J<z>roftiJffi^Hl3 {c^-To 
*5ttSfRj_b«iR^tO[RjJb^ bTfeWb^T?fe5 0 1, 3 -7n/^^t- 
i/K^^-€ (dhaT) &mm-r&E. nij (fW7^?KpDT2 
9^rfflV^T^Kfem^nfcE. 3JJKLP23) }^V^T^i, ^y-fen-/W3:3 

/U^-^-iy Y\s¥?$— fe (dhaT) SrlSSiL&V^E. (H^77U* 
pKP 3 2&mi<^XJ&«1mmiSthfcR. 3PKLP23) ^3o^T«:, ^y-feu 
-/Hi3-HPA^(^M#J^ftW$^V\ rcDM^S&^fgftd h a TC0 

V -fe u — jV(D J; D {£ V M&sfs J; 9 ^ $ fi 5 „ 
[0 0 5 1] 

[0 0 5 2] 

r ^ !) t n 3 - y yif t K n ^t-^j TG3PDHJ S?fc 

Fn^^Ttfyy y|| (DHAP) <D?*V -fen— 71^-3 - y >m (G3P) ^ 

(Dm^mmr^mmm^u^^v^zf^ v^m-r a 3 pdhun 
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ADH ; NADPH ; XttFAD-ft#tttfc5r ^^t^ 0 IS^ilte^ 
V ircr— ;V- 3 - V isWfrt Kn if rNADH-ft 
#tt^ !) t d -/V- 3 - y yir t Ko ^t-f j , rNADPH-Mtt^U 
•fen— 7V- 3 - V >m.*ft Ko^t— fe?J RTf rFAD-ftWytn-^- 

3-y yfft Ko^t- -tfj cDjTO^fflv^^-'efc^o nadh-m^ 

^.l5NADPH-^#tt^yirn— /^-3-y yglft Kn^f-f^NADH 
MNADPH^ l^W V > £ £. £ & "C # 5 (7) flS — jR ^ H'lf t£(D~C <MtL fc£ g 
p s AfCj; 9 — R^tLSifrlH^^J; t>) , NADH-MttWNADPH- 

-e&^5o NADH-MWi (E. C. 1. 1. 1. 8) tt«t«GPDl 
(GenBank Z 7 4 0 7 1 x 2) IttGPD2 (G e n B a n k Z35 
169x1) XiiGPD3 (GenBank G 9 8 4 1 8 2) XttDAR 1 ( 
GenBank Z74071x 2) tf V < od^Jt-fK^fc <t «3 = — K 
5 0 NADPH-f#ttii (EC 1. 1. 1. 94)«gpsA(GenB 
ank U3 2 1 6 4 3, (cds 197911-196892) G4667 
4 6 Rt^L 4 5 2 4 6) \Z X <9 3 — K $ *X5 0 FAD-MWi (EC 1. 
1. 99. 5) BGUT2 (GenBank Z 4 7 0 4 7 x 2 3) Xiig 1 p 
D (GenBank G147838) Xtt g lpABC (GenBank M 

20938) laoa-K^tis (giffli-s rtia^ ^(Dmm^m^mmm 

©rtf t^SWO 9 9 2 8 4 8 0 &t^<Dtp£>3l>fli:$:ift£:#flB £*T/ftV\) „ 
[0 0 5 3] 

r/!)tn-;l/-3-*^7r^-fj , r s n-^P-fen— /W— 3 — 
T^— if J Xtt rd, l-^ytn^V*X77^^J rG3P*^77 

if j iv^iSMf^ ^V±ti—/u-3-V^Wtt^<D^V J tu—/vtMWJ 

i/mm.^(Dmm%Mm-tz>mmm$k&t§. ? *° y K&#rf- 0 g3p^7 7 

^— if»Mx.tfGP P 1 (GenBank Z4 7 04 7xl25) XttGPP 
2 (GenBank U18813xll) tHj: 9 K&ftS (Slffl-T^ri: 
fc«k 9 *©IB*£*^#;*:W>IW#©rt^£&5WO 9 9 2 8 4 8 0 RXF^CD^KD 
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[0 0 5 4] 

UT1 (GenBank U1 1 5 8 3 xl9) MglpK (GenBank 
Ll 9 2 0 1) 9 = — K£*i5 (§lffii-^>r t^J;^^OlB«*W^ 
K5f©rtf^^WO 9 9 2 8 4 8 0 S.^^^O^iffl^^T^ £*l/fcV^ 

o 

[0 0 5 5] 

^Tirh^^O (E. C. 1. 1. 1. 6) Xi i ^ !) t n ^ y t ^T^f 

k K^co (E. C. 1. 1. 1. 72) <Dfeg|:Srft»r5K^^t£§r* a 0^V-< 

yytn-;l/f t KP^t-fttNADH (E. C. 1. 1. 1. 6) , NAD 
PH (E. C. 1. 1. 1. 7 2) Xfiffi(D*H^ ($Jx.«E. C. 1. 1. 9 
9. 2 2) ^#ttt*fc5rt^t^5o NADH-W^!)t0-;VftF 
P^t- ^«#J^Lfig IdA (GenBank U00006) 9 = — K£ 

tl5 (31^3^ £H:«fc !9^:(Dffi%*:3l^^:^|fB»(Drt^i:^6WO 9 9 2 8 

4 8 oi^©^©?iittM$ntv^ o 

[0 0 5 6] 

fst-o — ifgfittt^y -fen — /l^fc K7^- if 

(E. C. 4. 2. 1. 3 0) ^^-^f t K7^"^ (E. C. 4. 2. 

1. 2 8) £r^ N ^tL^-L^y irn— , 2 -7°a^V^-;V©^f 

■=E-^T^ v- h try^TVV • 7 l/^^v 5 ^, 7D77y^7A-/^r7y7^ 



(33) 2003-507022 
A, fv^e^ • f7^A!J &J*RTf? • Jt^ci/ ^^^*5V^T[Rl^$ 

r aJ t^^y k ^%b<tt rj3j ih^-y hRXF'bh b< r yJ f-:/ 

I^^^^JC-f-S^ifc^Jttfe^-Y— hSr^l ^-To jftte^tefl'Jx.tfD a n i e 
1 et al. (FEMS Microbiol. Rev. 2 2, 5 5 3 (1 
9 9 9) ) RXfT o r a y a and Mori (J. Biol. C h e m. 2 
7 4, 3372 (199 9)) \Z.hWM£tlX^Z> 0 m 1 Sr#Mi"5 t s 
V—A^rK K7^-€©^tb<ti r a j -tr^^^y r-£r=3 — Ki~ 6 ifrfS^ ft d 
h a B 1 N g 1 dAMdh a B «r£3>. ;^tb<tt r 0 J iJ-^cx—y r-£:^ — 
Ki-Sit'fe^fid h a B 2, gld BMd h a C £ ; />t>U< {* r y j 
•?=j-=. v h£rn — KtSl^lid h a B 3, gld C&tfd h a E £ra £p 0 
tt'Jf l^#It5t, v^— /^t K7^- IfcDTC^ b< ft r a j y-?=L~y 
f^^ - Kt^i^tip d uCWp d d ; ^fcL< ft T £ j -^^n. 

^ y h ^ 3 ^ Kt5»li p d u D&i; p d d B ; /J4 L< ft r 7 j D- 
^zx- y h^zi— K"T Sitfs^ftp d u EWp d dC£ratr 0 
[0 0 5 7] 
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[0 0 5 8] 

;Iia5iitSo*< g«^i£ttffc*rSl**^ (Daniel e t a 1 . 



(35) 2003-507022 
, F EMS Microbiol. Rev. 2 2, 553 (1 9 9 9) ) 0 X 3 ? 

t Fyp—ummmtm^-} t^^mmn, ft K7^- £fiH££>wsH&fb&& 
m<Dx^f£\,^t k ^ ^ —if <ir*fr^ £>»st^ffl ©t^sfc© t^m-r 5 $> 

ffi^mbB^ Lttm§l)©t LTH^£*vrv^ r tie: 

J; "9^(Z)lBttM»pj^*(Drt^^^5WO 9821341 (US 601 
3 4 9 4) R^(D^(DB\mXm ;Daniel et a 1 . , m± ; T o r 
aya and Mori, J. Biol. Chem. 274, 3372 (19 
9 9) ; RXPT obimatsu et a 1. , J. Bacteriol.l 

si, 4110 (1999) zmmzthtc^) 0 mi &&m-rz>t, ^>^<^m 

©lo§:3-Kt5l(K^lio r f Z s dhaB4 N g d r A, pduG^d 

drA^ttf, ^fevmi&mm-rz 20^ w^stcDf^©^^:^ 

KtSlWio r f X, orf2b. gdrB, pduH^ddrB^if 

o 

[0 0 5 9] 

Tl, 3 - zfvs<>l?$-~- /V^r^iy VU*f?$— if j „ n, 3-^cryN^v? 
twUft Knft-f J Xfi TDhaTj irl^ffifg^ 3-HPAM, 3 

(ilSm^afK-^tt^Og^ (f/^*,f4S©) If* (s e t t i n g) K:*5 

£5*9 ; M^ttl«fE^tt^ l/T/v-^ • — a.— ^ = 7 ^7)^(7) d h a Tc7)#^^ 
^ 5 «t 5 d h a b yrtTlV^§n§. *lSr#R§i-5^, 1, 

3 - -f n /n ^ v 5 ^— 71^ ^ ^ K ^ ^ -if £ =3 - K"f- 6 SUS^fi ^X^-f^zr.^ 



(36) # 2003-507022 

Ig-a-^e^— 7^L, 3-HPAM, /V©NAD/NA 
DH^Iteill|t5l5feft^tf5 (Johnson and Lin, 
J. Bacteriol. 169, 2050 (1987) ;Daniel et 
a 1 . , J. Bacteriol. 177, 2151 (1995) ; RWL e 
urs et a 1 . , FEMS Microbiol. Lett. 154, 3 

37 (1 9 9 7)). mwtDmmmti&t&frrzw&tit?* v^;v^ • 

*RT$7? h'^/lsX fa b^M&tlXV^Z (Veiga da Du 

nha and Foster, Appl. Environ. Microbio 
1. 58, 2005 (199 2) ) 0 
[0 0 6 0] 

rdha^oyj t^^mm^, ft k?^-^ wm&fcm&RT* 

^•(7>^^^tttr=i— K-f~£ l*acoM**e^Xtt^i9#^-r o ASWtc 
tt, d h a n ytt^«IIt|Eit5Sm U # d h a R, o r f Y. dh 

a 1\ o r f X, o r f W, dhaBl, dhaB2, d h a B 3 RZF o r f Z 

[0 0 6 1] 

^-tiwftiiiffittj t^^mmn, 3-hpah, 3-^0^^^-— 

^KSrJtU ^ftt>L<itSt©l, 3 -7 0 c3yN^^— m^K^^ 

o ^©i^WliNADVNADH^MB^Mtsrt^t^, ^ 
iif)l:H:FADXIiFMN©j: 5 479 vi'&'S&ti&ifi r ftkfclSkiftftv^ 
Met L< nMWn(D^F-^mt^T /vft Kb^ — - t?©7ti&0>i|M»:t> b< 
M^coil'fE^^, #Jx.(f#4feE. =i y kl p 2 3 i^-ertHtti^- K£*K 

[0 0 6 2] 



(37) #^2003-507022 

[0 0 6 3] 
[0 0 6 4] 

[0 0 6 5] 

T#^»J Xtt r#5£^%j tV^ffll&W:, Mflat^ (foreign 
or heterologous genes) ^rfg^L, JLo r. ODilMH 

[0 0 6 6] 

r^flilMn^ (foreign gene) J. ^llDNA (fore i g 
n DNA) J N r^Sitfe^- (heterologous gene) RXl T 
ItDNA (heterologous DNA) J ^l^fflMf^ <D^^ 
KZVfemfctkVoftiZ-Wifrtltc, lo©4|jHioTiM5 (native 

[0 0 6 7] 

[0 0 6 8] 
[0 0 6 9] 



(38) 2003-507022 
WiMMfc^ (homologous genes) <D&ft<D =i &M^^X1&W 

mmztiftwkto&m-o ^mm^mm^m^mn, mvr^mmw^b<Di, 

i£ (GPD1) „ — ;V- 3 -^77^-' tf (GPP2) „ ^y-fen — 

/l^fc K7^ —if (dhaBl, dhaB 2&TJ<d h a B 3) N f\l — if 

S^ttlkH^- (or f ZXt>'o r fX) fetfUHt^fc X V 1 , 
tf— /m^K^^-f (dhaT) ^n-KtSlll^MtSo 

»*bV^ti««, wtLfe051^^V^?^®te|$l$tb-CV>SdSiKI|B^d h a T 
1, 3 - /o/^^/Vt^ri/ KWf^ ^-f (dhaT) £|5&<3-HPA 

So 

[0 0 7 0] 

««lJi3fefTi-S (5' #-a-K) 2ttflHS< (3' K) WtPE^ISr^tf 

[0 0 7 1] 

r=i — K (encoding) J fa-K (coding) J £ 5 ffiM 

^>Mit^\ £&v\^(D^ffc;^^#5DNAls?iJ, $><5W4iot u< 

>s< 9 w<Dmmmz.&w u ^^ii©^t tf d n aie^j £ra t $ tt 5 

[0 0 7 2] 



(39) #St 2003-507022 

[0 0 7 3] 

NAfcl<(iDNA©*!)v-tfc5o DNA©^yv-(D^i^^}t§¥i§ 
*Xfc^^H42c DNA, ^VADNAIttMDNAOlofcKli^j; «9 

[0 0 7 4] 

ir — Jlflfljfe (co— suppression technology 

LT (vi s — a— vi s) „ #btL5teW^(D#tgt4^^K^i^#L^V^ 
[0 0 7 5] 

1 . /J^V^gftfr^CD. «t)L<l±W«©M : A 1 a % S e r , 
Th r (Pro, G 1 y) ; 

2. «tt(D, ftllffiLfciiXWji^Tn'iAsp, Asn, Glu 
% G 1 n ; 

3 . m&<D, EtMLfc?M :His,Arg, Lys; 



(40) 2003-507022 

4. ±%^^mmM<D, mm&mm : Me t, L e u. He, Val (Cy s 
) ;RTf 

5. ^tV^fMI :Phe, Tyr, Tr Po 

[0 0 7 6] 

^y>\ v4^->--k u< yn-f ^» Kts^ i 

[0 0 7 7] 
[0 0 7 8] 

£*#^«, «pjj-J: (9^$^L§^TO^WZ5lfi^J^^ mWgki* (o. ix 

SSC, 0. 1%SDS, 6 5°C^bI>^2XSSC, 0. lroSDSOT^ 
TO. 1XSSC. 0. l%SDS«rfflV>5?5fe^) T-C^jHe#l^J^-f-SBfi^l 

Klfflfi^t5ii77^yh©DNAE^Jt^< H8 0%[^Cl!fc?) 

*PJIfa»(-#^-f-§^^^^^^ ^ h(DDNAiB^J^^/^< fh9 5%m 
[0 0 7 9] 



(41) #f 2 0 03-5 0 7 0 2 2 

^-^^©^#T-eftil©t«^7^V > Mu7=- V >?X*% c DNA 
, ^VADNAXi4RNA©J:5^fWi77^yhiI r^-^y^Vv 5 ^ 
— v-ai/BXtlj 1?fe6o '^7V y^lt^ — i/a^RTfm&tkftfefflto-VhV. 
Sambrook, J. , Fritsch, E. F . and Maniatis 
' T - Molecular C 1 o n i n g : A Laboratory Ma 
n u a 1 , S econd Edition, Cold Spring Harb 
or Laboratory Press, Cold Spring Harb 
or (1 9 8 9) , #l:^©^OChapter HXVTable 11. 

JStS, filitf5XSSC, 0. 1%SDS, 0. 2 5%^/V^lo*/VA7 ^ 
R&L ; fc£W3 3 0%*;VAT $ H\ 5XSSC, 0. 5%SDSO{£fitt 

I46XSSC ^*j-j£-t-3o ^-f :/ y $?3L — i V 3 2 o<D^^fBMlfl?iJ 

i^fS N ^thh(Dm^^i-^m^(D^4 ~f y y K<7)fcJ6(DTmOfil;;^^l\ 

TOJlIIi^-rffiT-rS : RNA : RNA, DNA : RNA, DNA : DNA 0 * £ 
^10 O^^^f- K«t *9SV^.^y 5/ RWctf)^ Tm^rf+lfrr&fcfecD^ 
/^if^^ttTl^S (Sambrook et al. , |r|_L, 9. 5 0 — 9. 5 

-r^y *v >- 3 ^cnm^, ^x-w^&fiiw&x vmrntts:*), ^-y ^ 

^ K^I^^^roidlttSr^tS (Sambrook et al., 

H3_k, 9. 50-9. 5 1 %^m£fttc\,^) 0 1 0<7)^#^*3V^T, ^4 7* V ¥ 



(42) 2003-507022 

fcfa 1 5 ^ ^ K ; J; D 0 * L < fS^ft <HI>J20^^ u*f- KTfe "9 ; 

[0 0 8 0] 

— ^ — -gf&ffc6B#IJfc4fcRt*B LAST (Basic Local A 
lignment Search TooljAltschul et al. 
, J. Mo 1. Biol. 215:403-410 (1993) ; www. n c 
bi. n 1 m. nih. g o v / B L A S T/t>#M £ ;frfcV ^) <7) J; 5 &T/V^ 

y -<zf^ k©7 ^ y sfcBE^raaitfc^j* y hwus^trr $ y 
^£ *9#v^^t^ ymjut3 o ^ l< tt^tLj; 9#i^y w^-^ k^is^^ 

-—jm^y^y ^-^r— ^37°^— y^cDitw^y yv t?^— >o 

V^T^V^Sr i:^-r?^5 o £f>^ i 2~ 1 SifiXcD^l^y =fj*y K£r 



(43) 2003-507022 

[0 0 8 1] 
[0 0 8 2] 

fc<fc "9*^^fLS 2ofc L< tt^tLi (Dtffy ^rff- Klfl^JX«;2o^ U< 

f«n^ >9 #< otk y ^ ^ vmm(Dm<Dm&xh% 0 m%$mftm^te^ 
x m—m m^xmx^ y Kt> b < y ^ w^-^ pwij^j ( 

strings) ©^(D^J-a-iC j; «9 ^^ttS*" y -<:7 0 ^- Kfc b< fetfV W 

^P^&^i ^^Jr^ff^-rsr t^-e^ s f^fe^tt : Computatio 
nal Molecular B i o 1 o g y ; L e s k, A. M. , Ed. ; 
Oxford University Press :New York, 198 
8;Biocomputing: Informatics and Genom 
e Projects;Smith,D. W. , Ed. ; A c a d e m i c P 
ress:New York, 1993;Computer Analysis 
of Sequence Data, Part I ;Gr i f f in, A. M 
. and Griffin, H. G. , Eds;Humana Press:N 
ew Jersey, 1994;Sequence Analysis in 
Molecular Biology;von Heinje, G. , Ed. ; 
Academic Press :New York, 1987; IkJJ- S e q u e 
nee Analysis Pr imer ;Gr ibskov, M. and D 
evereux, J. , Eds. ;Stockton Press :New Y 

o r k, 1991 \z.mM.&ftxv^%m&^t.ft&&^ftbiz.mbtifo\ m~ 



(44) #12 0 0 3-5 0 7 0 2 2 

[0 0 8 3] 

9MziS^ TMmik § fix V ^ 5 o 2 o (DIB JIJ ©flOl — tt&OTM'l4£r$:^-f- S 

— (gap creation penalty) =1 2M^rt y~f^9^ : T 
^3 ^■^"f'/l^'T' -f — (gap extension penalty) =4<D 
^b©I¥ftf7t-/VHI^tt5Need 1 eman and Wu n s 
c hT/Wy/A^^SGCG^c^^^y^-^i^fttSGCG P 

1 1 e u p :/n ff^J* (Devereux et a 1 . , Nucleic A 
cids Res. 12:387-395 (1984) ) % BLASTP, BL 
ASTNMFASTA (Pearson et a 1 . , P r o c. Natl 

. Acad. Sci. USA 85:2444-2448 (1988) 
Z>&^flb\Z.Wibtlt£\i\ BLASTX/n^7AfiNCB l&X^V>W&Mfr 
tb y Jk&m<lA^*SlfeX$>Z) ( BLAST Ma n u a 1 , A 1 t s c h u 1 e 
t a 1 . , Natl. Cent. Biotechnol. Inf. , Natl 
.Library Med. (NCBI N LM) NIH, Bethesda, 
Md. 2 0 8 94 ;A1 t schul et al. , J. Mol. Biol. 

2 1 5:4 0 3-4 1 0 (1 9 9 0) ;A1 tschul et a 1 . , "G 
apped BLAST and PSI-BLAST: a new gene 
ration of protein database search pr 
ograms", Nucleic Acids Res. 25:3389 — 34 
0 2 (1 9 9 7) ) o ir^ hm—&(D&fe<Dfc#>(Di&<D%-&\^\,^mi-Z. J 
o t u n-He i n7/l^^y XASrlV^DNASTAR^y/^fl^JI®^ 
feid ±5 (He i n et al., Methods Enzymol. 183 

: 626-645 (1990) ) „ Qm^M-ft) J o t u n-He i njfeOfcfc 

ap penalty) =11, y 1/ y^X^t^T >f — (gap 1 e 



(45) 2003-507022 
ngth penalty) =3; ttU<D&&\<D&& s k t u p 1 e = 6T?fcS 

^ KE^ISrW-f-SaKy 5? ^ Kid J; t) > *° V X ? HWO 

? KIE^iJcd# 100?^ K^fc 0 ^fti^-C 5 oo^^&gg 

£ , #fl8T 5 / WSM\z.^fa< H95 ffc575 /^IE?(J£r 

Wi-^^y^^ K=§r#6fc£>^W; N #»Jtf©7 57^3»KO*iS-e5%^r 

FWcomm&mzmm^ xt* 1 ot, l< fit-tax j: «9#v^^b^t ttt t 

[0 0 8 4] 

rplH (homologous) J £1^ 5 J^fff*, bthZ>^^.MB&K*5\^ 



(46) #gt 2003-507022 

[0 0 8 5] 

%LTim 2<dt^s mnm aioo %<om m®. &^-t 0 2 o © # y km ©*b 

[0 0 8 6] 

? W^-^ HWlJO»^f^-rit^^- Kt-^tt^^feifi^ (divergenc 

e) &mi~ 0 %-ox^m&, ■. 5 7 i^-rr ^ y m^ocd-t^t h u 
<{««ra^^^-K-rsvN-f^©w^^t>ra-rs 0 s^tt, 

[0 0 8 7] 

#^^5^^^K^»atfett^llTO^#b^v^-r Mft (s i 
lent changes) £r£i* 5IE^ jo it #AXfi»^cD J; 9 ft 



(47) 2003-507022 

F^4ti> m<Dm&%&m-tz> tfe^m£*h^\ iko^^m 

^^tb5BE^J^5Sl^# (0. 1XSSC, 0. 1%SDS S 6 5°C) TT?#?I3 

an*^^ &tiz> nm t ^ -? v v 5 * - v 9 ^-r s -t *t e> ©t£^ laott 

[0 0 8 8] 
[0 0 8 9] 

r ^7^^ Kj . ^rj? r^ir-/fj £v^/Bf&f*. (Dm&K 

, JtzizL&^xtmmn*? wpwwtfc3' #amia^ijt*^ii^tL 

^IftSt-6M*^#LTl^#mift (specific) ^^-^ft"^ I" 



(48) 2003-507022 

if (GPD1) , ^y-fen— if (GPP2) % ^Uirn — 

/l^*t R^— if (dhaBl, dhaB 2RZFd h a B 3) „ ^fc — £ 
SEH&ffcB^ (o r f Z&t^o r fX) fcktffcl, 3 -^n^V^— /W^-df- 
~> Rl/^^—if (dhaT) = — Kt^tfif*^ ^x^xtify^n 
5*fe^OJ:5s&*5l5©#^^6>^|iU E. ni)DH5a, ECL 7 0 7. AA 
2 0 0IliKLP2 3©i9!5lf±^S^I^V^ 0 

y^7-ifl« (PCR) (U. S. 4, 683, 202) CO £ 5 J&HiJPtt 
^"7 4 "^ w -fafR]^^S& (primer directed amplifica 
tion methods) ^fflV^tDN A^ritffi 3SLfc-<^ — £:fflV^ 

[0 0 9 0] 

fcSV^iX, f/ADNAC^I^t^yh (3 5~4 5kb) flS^^ — 

a*#-efe5 0 — ^^ = ^5: K-^*— «\ MSDNAco|^iA^^<^^h(- 

cos DNA|B^©/>^< Hi oco=3 tT— Sr*-rSo ^fhh<D^<? ? — 

lie o s la^ijcoftii^ Co 1 e 1 (dx 5 ^siiMi^ry^^y ^xte^-^ 

t5 1 1 !) ^©taiW»iat©rtt t *5 S a m b r o o k , J. e 
t a 1 . , Molecular Cloning:A Laboratory 
M a n u a 1 , Second Edition (1989) Cold Sp 
ring Harbor Laboratory Press ^+£r^fE$!c$ tt 
T^5o 



(49) ft& 2003-507022 

[0 0 9 1] 

^I)tP-;Vfl: KZ^rrM (d h a B 1 , dhaB 2Mdh a B 3) , 
K^rrggMttifc@± (o r f ZjSXgo r f X) &E>t*fcl, 3_ z 2lH£i>l^ 
/Vfb Knft-f (dh a T) £-=i — ^t^MM±^MMMl^J^Z^l 

*^0®lrtt?a^* K^^-W37> K^ICfemfe^^, ? V ± H 
— /P£ 1 , 3 -7°a/NV^ /W£#yffi (processing) fSIt^-c 

upercos 1 4^®ff AcDfc^CfMPSgfit S a u 3 A&m^Xmit U G 
i g a p a c k I I fpiZ^<^tt|ii^^ffiV^TlBiAAyfCo 3 
7> KDNA»TE. ^XLl-Blue MR«^^«fe^bfc 0 ^ 
yirn — /KZ>#^ET"C«eiaSr^S$^ 1, 3-^pe^Vv?^-— «[:1LT 

a tgTj m m vxwmmmmm * y — n ^ ^ 

[0 0 9 2] 

1, 3-^a^^v?^-— ;VHtifi|IM©2o^fU n^^F^pK 
PlRt;pKP2i^Lfc 0 DNAga^lJ^fi. C. 7k^y^^^<D^!J 



(50) !%m 2003-507022 

yy±v -;vf tr?^ —urns^ = — k-t 6 d n a tt^-t % r 

KSrpKP4STJ5pKP5i:^Lfc 0 D N AlB^^te, :^03^> 
[0 0 9 3] 

fr*r*9&^$iti5 (Ml Sr#m^^fcV>) e 

G 3 PDH&tfG 3 P^^^t^— g^Hn Kj-53tfc^ 

*mmn.m3EMm\z.m-iz>Gz pdhwg3 p^^7r^-«©Mt 

[0 0 9 4] 

G 3 PDH^r^ K-T 5 il^«gE*n-Cfe S„ WitfGPD 1 te^^n 5i? 
^^bll^, ia^iJ#-^- : 5 3^-mXIE?iJ£r^rLT:&D, iE^!l## : 5 4 
^i-T ^ y^ia^J^^— Ki"S (Wang e t a 1. , |^I_h) 0 
GPD2l:i f9 =t— K^tlSG 3 PDH^tt^i^^^o 5^rX^^^i|$t^TV^ 
5 (Eriksson et a 1 . , M o 1 . Microbiol. 17, 9 
5 (1 9 9 5) ) 0 
[0 0 9 5] 

^mm<Dnm(Dfcbbte^ NADH-#t#'|4G 3 PDHitt^9*°H7"f K 

ttfii^fc Kodf-^T-fe h^!J ^ (DHAP) (G 
3P) ^©feMIf5r^^^5 0 & bfc, l^DARl, GPD1, 
GPD2, GPD3Mgp sAt»5, NADH-WttG3PDH' s 



(51) #12 00 3-5 0 7 0 2 2 

5Tr&6 5 r. £#;ba»5-ca>5 5o G 3 p*77r ^— R-f-Sitf^m 
U*PT-fc§ 0 fclfciiGP P 2ttty*n • 1?I/tfiXT:^£>¥-$££tK IE 

^J#-*§- : 5 5 t)^*tL5ifea6E^J*-WUT*5t), ^tmia?IJ#-*§- : 5 6 ^ 
£tl3T^ /^Ifi?iJ£=i— K-f-5 (Norbeck et al. , J. Bio 
1. Chem. 271, 13875 (1 9 9 6) ) „ 
[0 0 9 6] 

L< iifttl:^t5 7 ^ y mmm^/uX\ MB^G p p 2&t^G p p 1 \zM 

^^r!)7, FfJxitf v' h tvK xyro/^7T/K ^o^7^'77A, i7 

^v^. ^>"fe^7\ T ? ^y^-^ir^ > 7*=i/k h/vn^iyx, y^n^^^/i. 

-Cfe^>5o *ISW^*5V>'r^* Ll^ttE. E. 77y^^ (E. b 1 a 

t t a e) x ^7~7X7 V v-hn^7T/VM7xn/^r;^fc^ 0 
[0 0 9 7] 
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[0 0 9 8] 

1. 1-2MCD1, 3 - yn^y^t-;vo#ftTT'lttit L < SPlSftD 

3 - up Aco^^mmm^m^-r^^m^d h a t-#^<t) n it^^s 

[0 0 9 9] 

ttltBtefc b< fi^Lfcd h a T-mm&<Dmm^ 1~2M01, 3-^^ 
V ;KD#ftf tf 5 3 - H P Amm& & V ^ r £ J: t) & ft £ tL# 5 o 
[0 10 0] 

3. a) ?})^u~;v&m.mWc?l£^W&. V ^xj—zV^M, b) ^IJirn 

) yqhDMHS. 
[0101] 

"CfcSo rtbfei-fi^y-fen— /K ^VWrs — XXttilM* (anaerob i s 
i s) ©#ftt>t*tl5 0 

G 3 P DH, G3P^77^-K\ ft K7?-fMft K7 

fflV>^7tfe(7)^^^^g^ffl ; ^*5^^#^fE^P-efe5 (S amb r o o k 
et a l . , Molecular CloningrA Laborato 
ry Manual— volumes 1, 2, 3 (Cold Spring 
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Harbor Laboratory:Cold Spring Harbor 
, NY, 1 9 8 9) ) 0 
[0 10 2] 

Mfcfi^E^i^i: Lt#?)tl51lf©it**© (na t i ve) Jtfe^^S* 
[0 10 3] 

BffMcOtefffllS^t'^ttaG 3 PDHWG 3 PTfrX^T?— tfitfc^ (-tft 

war i&t*gp p 2) o^m^ti^-rao^^^M^pfiP^xfi^n 

CYCl, HIS3, GAL1. GAL 1 0 , ADH1, PGK V PH05, G 
APDH, ADC1, TRP1, URA3, L EU 2, ENOMTP I (i^^ 

# n *±x$nz&>ifz>$&m^m) ;aoxi ( t°^T^ K&i? zmm^m) 

; tZtbTffc lac, trp, AP t> APr, T7, ta c RXf t r c (E. njj 
[0104] 

[0 10 5] 

[0106] 
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^mmKm^xm^mmtecDte^? ?--x>dt 2 9rd? p kp 3 2x»hv, ^ 

tlbfip AH4 8 t~ mz.m^hfhZ>& 5^-l^f^-$^^TV^?) 0 pDT 2 9&l^p 
KP 3 2(D«^m«^ P-y^oiv • -a-^E--T3i^^m«i^ttfcd h a U 
df^ny(-i*t5 0 pDT29tt ^Oia^Ifi?lJ#-^ : lrti^f^tltV^ 
5;*^ KT?fc5gfc5tt>#d h a orfY, d h a 1\ orfX, or 

fW, dhaBl, dhaB2WdhaB3^Mt5. pKP3 2ftii:ft 
pDT2 9_h^#^E-r^^IHCfcm , 9#© / m^-a'^ r L-, pKP32 
tttdh a T^ttTV^rtWiS, p AH 4 8 te^t^M^D AR IS 

t^n ^-fe^ • "feHf'>T3id^e>¥HI§tb5DAR 1MGPP 25lfK^^'a- 
H 

tlS„ G3PDH, G3P^7T^ rt K7^-Wft K7^-€ 

m^mmum m^i-t^/^y^^-mwmm (c a 1 c i u 

m— permeabilized cell), i^fo /K is a iX^rffll^ 

«fc «9?f 5 - (Sambrook et a 1 . , [WJ_h) „ 

[0107] 

^7J&^ s ^^i-SSWiaoflfeJj:, 1, 3 -Z?xis<l/-J3— JV(D^M^^k-t^ 
henotypic deficiencies) £rjffitf 5 =fc 5 i^^^JS $ -fr 
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[0108] 

srf^s*^ ^ (uv) ju-zmmm$:mi<^^b&x%z> 0 m.fe^%mm<r> 

fe#>\Z.Ml-tlM&lJVUMt±2 0 0 nm~3 0 0 n mCOfSHrt l^^tb, 2 5 4 

i: A/ if 6DU Vli^^Ii^ift SDN A^#*«r* LTV^5©t\ 
<Dm^M(DX 5 f^^M^MPL^^ b&X^Za 3 0 0 nm~4 0 0 nmt^rt© 

V^fci^5«tiWIDNAtfft5f^ B B p, f^«HN0 2 &t>*NH 2 OH 

as D. Brock in Biotechnology:A Textbo 
ok of Industrial Microbiology, Second 

Edition (1989) Sinauer Associates, In 
c. , Sunderland, M. A. XfcfcD eshpande, Mukund 

V. , Appl. Biochem. Biotechnol. 36, 227 (1 

992) &mm£tifc^\ 
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[0 10 9] 

"CJl^I-CfeSo FlJxJ^B rock, |^_h ;DeMancilha et al. 
, Food Chem. 14, 313 (1984) ^r#^^tbfcV\ 
[0 110] 

4 Rxj^mmm 8 xm^-r s 0 

1, 3 -T'p^^^— /^jS^^fettSgfe^ 

^^^»SS»^*^J; 9 v>t Fn^r^T-fe h >- y (DHAP) £3-73^ 

*-^y ir^T/^t K (3-PG) fcfeifc&ftSo ^^DHAPO^tFn 
^->T±h^ (DHA) ^cD^Pzk^?^■a ? ^<al7^fe?)V^»DHAPcD^y^r^ 
— /^ 3 - y >-m (G 3 P) ^(7)3»7c^tm<*D7K5>«?^J;«5^y-fen— /V36S^ 

sriAtSwt^tts. d h a u^~v>&^3(DwmKm$:mmt&yv 

•fen— /l^rfc Koft- if (E. C. 1. 1. 1. 6) ^ftS^timit 
[0111] 
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^JJ-fcrz— /^3-HPA + Hi O 



3 — HPA+NADH + H 



1, 



(5t2) 



^Dtn-/HNAD -^DHA+NADH + H 



(5£3) 



T/vft F (3-HPA) ^UTl, ' 3-yo^i^5>^— /H:itetft§tt5o ^ 

£*L#57*fc K7^-^it«t «9 -fen— ft*. * 1 „ Z<Dy* 
t K7^-WUtD-/kft K7^-f (E. C. 4. 2. 1. 30) „ 
t-/Pft K7^-f (E. C. 4. 2. 1. 2 8) X!4C©Ift^ttltSr 

Stt*V\ 1, S-^n/^^/HiNAD*- (tKttNADP*) 

luiAtS-t^'CtS, 5£2 C l, 3 - -fn/<y^3r— /V(D^M\Z-$otfZ>~(D 
ftfWKJfctel, 3-/n/NV^-;^ft Kn^t-f (E. C. 1. 1. 1 
.2 0 2) XI4t(D7/V3-/VTfc Kn^t- -tftJ; Dtt*ft$*L#5o 

^it^ >^ y >'yK&wrz$z%i&mRTm'Stm&o 1 , 3-^^^^^- 
•5>5o ro^f^hy^-— ^y y»>fy^9-^Mft (tpi-) v>n&m<r>w> 

£4fc«p^ tf>^A«\ ^m^-Y^y v^^i 9ttig£ftii£*5fc£><Z>^^m 

(Dmm<7)fflx~&z> 0 h y ^ y ^m^c y * 7-^dahp©3 

n — /k&rj? 1 , 3 -zfvs<>-i?*—/i'^<D^m&frtb<Dmm<nWtti<nft&&f?-1- 
(0 5) 0 ^< Lt^MS (tpi-) fSii^&ffi^IH-^TfEife;**!, 
TVN6^^^ffix.T0fMo«co^fTOf-tW5a*^±i^i-?) o H3i£^ 1, 3- 

m\Z.b^X^mx*h%0 o fil^if^y -fen— /l^dr-^— if<7)|^*fiG 3 P^^^t 
^— ifcDjtffl^i «9 G 3 P/5^4^t5^!Jtn-;^ATP^oTG 3 Ptd 
S-telfe^ttS^SriStfS (0 5) o X, ^!Jto-;vft Knft-if W*. 
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f£g 1 dA) (Dm^fe, N ADH-Mtt^U t n-;v- 3 - !) y^f t Kn^ 

%mm-tz>z.t&x%z> 0 

[0 112] 

vxnm^mRx^m^m.m^m^^, 1, z--^u^>^—/v^M(d 

-7us<>-i?^-7UCD&m&m±tS^%l£mmMM<DmiE*^7£^% (ant i 
c i p a t e) r ^fW^PJOtSHf^-efc^o 
[0 1 13] 

^$&mn, ^iOW^n-^^^DHAP, G3P N ^y-fect — /K 3 
-UP Z--7vis<l/VJr— Mz.m< . tSI^b©l, 3- 

S^^ftit»^S^:^-r^ J: 5 t-^fl^tL-Cl^c -hfSoat) ^y-fea— /Hi 
N ^!)tn-/Vft Kn^t- ifXte^y irn— /V^— if ^f^DHAXtt 
G 3 COmm^ X y> , 3HPA^©»bM^^ili5 (B5) „ ££o 

*»«g i dAsi/g i pKjt^^*Dit5^^^m^^r-r^o 
[Riiifc dhaps h y .x y 7— ^(-cto-c 3 - PG^^fe^i^ 

ttmaZZ bK?V irn — /KD3HPA^Otem^fcJ6(D^l: K7^- 
&2*A£tK ^^fid h a ^^^py©o r f XSt>'o r f Zl£<£ 9 = — K£tb 

z&femm^t&mvxm-m-fz ms) „ 3hpa©i, z-zfv<^*?* 

fe-ett, 2 0 0 g/L©W»j#$}l5i^l: / M< H 1 0 g/L(Dl , 3 



(59) #$2 0 0 3-5 0 7 0 2 2 

[0 114] 

(D3o(DS®, ^Ptn-;H3HPA->1, 3 -^n/Ny /VCD^&l^fc 
5Ii j&s^SI ^tit^i/KW^ -if fls^fi ^ » $ 6 ^ 

£i-^< H71 g/L©l, 3 -yo/^^t- /K^^fffi^,g^^^§ o 
[0115] 

esc^^tLfci, 3-^0^^^- sv^mmttYEZt^m^ dhaT 

f£tt<z^£cX«^M Jit' £ >9 BJE £ HX V ^ § ^S^c^(D^^m^^iitt 
-TS^ifis ^0JOftHrtT?fe5 o fiitf l^ttt d h a n y©f^T 

©g^mt5»WL, 1, 3-/P/^^;mv'K^^ 
= — d h a Tit^^Stt'fb-t-Sr t^s-c#5 0 ^Jif,©» 

« w m 33 # s mmmm l fc^is® u * rtn wr* <b & v \ mvtc 

# — (cornsteep liquor). T^ £ V^tf^o?£tJ«;^c7) 
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37 -1* — 3X h (m ethylotrophic yeasts) (K. Yamad 
a et a 1 . , Agric. Biol. Chem. 53 ( 2) , 541 — 5 

4 3 (1 9 8 9)) &t)V^T- y T (Hunter et a 1 . , B i o c h 
emistry 24, 4148-4155 (1985)) K^^Xm^^f^X 

x— y ^sfe^i-s^ -t y ^<hh-3j&\ fcsv^^^n-^ — y>- 

l^tStOtfcSrH^ § (Gottschalk, Bacteria 
1 Metabolism, Second Edition, Springer 
-Verlag:New York (1 9 8 6) ) „ V — ^— y ^B^BSf* 

, 6 y - 5 - y yit ©Mm, 6- 

[0 1 16] 

&m-tZ>^bh%ahthX\,^ 0 Mx-\t*?-v Fo-7ifl4^W^^^© 

(Bel lion et a 1 . , M i c r o b . Growth CI Com 
pd. , [Int. Symp. ], 7th (1993), 415-32. Edi 
tor (s) :Murrell, J. Collin;Kelly, Don P. 
Publisher: Intercept, Andover, UK) „ lUHlKl, 
#l/i??<Dm*<Offi*T7 — ^Jl\ttU^l/Wt&ttffi^%^hZ5 (Sul te 
r et al., Arch. Microbiol. 153 (5), 485-4 

8 9 (1990) ) o tot, *mmxmm£tbz>mm(DMfe&m?mm-^ 

5 5 z.b&Mm&tiX^Z> 0 
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[0 117] 
[0 118] 

o co (id m.mf/jL\±}£? xte^tib<DMmi£&mz.&B&th% 

o 

[0 119] 

$K = if^r ^ Kro = y ^©tsi^itsr twt, 5' -7^=^ 
[0120] 

e. 3 y jsh^o if^r * ^ Bl2 aiiftiiwt, — M<Dm&x\ xnmmm, 
<D&&bft&-rz>£5inmi%$rtz. (staged) flnx.5££as-c#5a\ &5 

(OD 5 5 0) ld#t#&S*L5 If* 5: ^Bi2 (mg) C>£P * LV\W«: 0 . 0 6 — 
0. 6 0tfe5 o 7»±ft (OD 5 5 0) }^$tl-5^^$yBi 2 (mg) 
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t>0*U^*WfitO. 12 — 0. 48-CfcSo 
[0121] 

: 

&&tL\*^f&&mmn&m<oftmmz.m&£*i&&i&. mifLur i a Be 

r t a n i (LB) :7V Sabouraud Dextrose (SD) 

^a^XttYe a s tJ#±ft (YM) ^ 3 >"Cfc5 0 ftH^PSS^Hfc (de f 

ined) , xfe&f&(Dj$MmMhm^^z>z.k&-?%, m^w^m^m^m 

^^94 h»JSritt^^b< liMgWtlitS^ bft%nbfriX\,^Z>m%k MX. 

(»-r ^ y y?Tf; 2 ' : 3 ' — v i/m<DW.m*B.fcmw\z.mx-tz> 
^thx%z> 0 mmiz., i, 3-z/v2y<^^^—/^m<Dmm^m<mmm^ 

[0122] 

^0fc^)^lLfcpHfiHij;pH5. 0~pH9. CCfe^. pH6. 0~ 
p H 8 . 0 &%]M2kW t LTft LV\ 
[0123] 

Rj&n&fxK} -hv< nm^mm^rxn ?z.t&x%^ mum t> l < s»£?m 

[0124] 
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ii«^LtiiM»W(^ zvxmmzj&^mmtm^zfajLfeiktizm 

ftMfctoifrtZ (moderate). ^M^ti^^t, ^Sffl^ttSMte 
[0 12 5] 

^fi^^s^»}-*5v^-c«ffljLojg^q-efet), Brock, m±\zm&&\<^ 

fc-tZ-b&XZZo 
[0126] 

fclNZLbtl, WA(D£kl$mW&frlfcmM (conditioned media 
[0127] 
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ock, |^i:tt:Pfafc:fE$&£;ft/r^5o 
[0 12 8] 

m#rf- 5 £ £ ^t-^ 5 r £ #1:0 $ fix v ^ s 0 

5§^±fi^e>tD i , 3 -^v;<^v^/v<Dffimm*mm&miftmKm^xm. 

§5 (U. S. 5, 3 5 6, 8 1 2) 0 r (D^<DfdJ?)^#^nfc^^« 
n^^-t^-^feS (U. S. 5, 0 0 8, 4 7 3) 0 
[0 12 9] 

igm&WiEtWifc? v???^— (hplo ftm^nz^b^xv, 1 

[0 13 0] 

v ism.it. wfej&jiKm&m (D^ay^m-z^ wn&wftm-K& v ^ -c ji £q -e £> s 

o aTOllW!l^-*5V^TffiV^5 0^3lU^^fe{4, Sambrook, J. et 
a 1 . , Molecular Cloning:A Laboratory 
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M a n u a 1 , Second Edition, Cold Spring Ha 
rbor Laboratory Press (1989) ^JLl^fc &tl&Z> 0 
[0131] 

jl*p-efcS 0 SXT<DmmW^^^Xm^^(D\-m^fc^m^ Manual o 
f Methods for General Bacteriology (P 
hi 1 1 ipp Gerhardt, R. G. E. Murray, Ralph 
N. Cost i low, Eugene W. Nester,Willis A. 
Wood, Noel R. Krieg and G. Briggs Phill 
i p s , e d s ) , Am erican Society for Microb 
iology, Washington, D. C. (1994) XteT h o m a s 
D. Brock in Biotechnology :A Textbook 
of Industrial Microbiology , Second E 
dition (1989) Sinauer Associates, Inc. , 
Sunder 1 and, MA^jLV^c £;M#5 0 ^^fy7»©^M« 

cot^^m^^hn^-r^xconmRm-tn^ t^h^m^o a i d r i 

ch Chemicals (Mi lwaukee,WI),DIFCO Lab 
oratories (Detroit, MI) , GIB CO/BR L (Gait 
her sburg, MD) JLli. Sigma Chemical Company 
(St. Louis, MO) #>M#fc 0 
[0132] 

m^MMn£AT<Dmvx&z> ■. rhj nmwchv<umwc(Dm (hour s 

) £Ic9£L, r min j ft«t)L<alS<7)^^t*L, r sec j itmWch 

L< \-3teWc<D&&M#zV. raj t&mk*> L< ts$m<DB £:Sc*L, r m Lj 

TLJ «y 5/ h/l^^m*L, 5 0ampiimLSfc>)[I 
5 0/z g^TVtf^y >&MMl^s LB - 5 0 ampttmLlfc *9 ('5 0^ g© 
T^t°^y y^tftS Luria-Bertani :7*-f 3 Jc5fe-t*5«, 
[0 13 3] 

^^TW^Jlv^o rcon. j nm&mx&Ki , rsei. j «m 
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*fc3£-3<5B#i4&t?*>?K r n dj {«ffi£tL&v^fc3o 
[0 13 4] 

[0 13 5] 

[«2] 







ORF/itfeiP 


KLP23 


gldA 






glpK 




RJ8ra 


gldA 






glpK 






Tpi 




pAH48 




GPP2 






DAR1 


pDT29 




dhaR 






or/Y 






dhaT 






orfX 






orJW 






dhaBl 






dhaB2 






dhaB3 






orfZ \ 


pKP32 




dhaR 






orfY 






orjX 






orjW 






dhaBl 






dhaB2 






dhaB3 






orfZ 



[0136] 
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orage and Foster (Biochim. Biophys. Act 
a 569, 249 (1979)) }dfE«$ ttTV^ 0 
[0 13 7] 

Honda et a 1 . (J. Bacteriol. 143, 1458 (1 
9 8 0) ) W\ 7t K7^- ^C0S^tt>fkSra!l^-r^)T s>ir-f ^m^LTV^o 

S£ttfc 0 ATP ^iiD Lfcli4MAT P Iriiip u^v>iM©^f t i 
£^ff £ Ltit ^©^tlfil 3 - H P AX«y n rf^^T/l^t K) IrH 

1, 3 -^P/^^t-^ffc Ko^t- if tmStlZ^ t 1 , 3-7* 

p^y^t- /v-^-^v k^^^^— mm£ti>x\,^z>mv iz. (joh 

nson and Lin, J. Bacteriol. 169, 2050 (19 

87) ) , m&*xtex97?/\s^m-mm$\Mmz.M^ 1, 3-/n/^ 

;^^NAD + L-T/^T#^Lfc 0 $>^H:X> NADH0I 

^{^J;«9 3-HPAtNADH©l, ^©6J| 
£$:5tL-fc 0 X^^W^t^fit X^St©*3J&^f -V. 1, 3-^n/^ 

/l^3^Rl/^^ — if (dhaT) ©^4^-#S^T/^3— 

T%J±frh<Dl , 3 -7°P^y^t- /W^-^V if (dhaT) <7>;£ 

^O^SftMS^^^ < , 330, 000 — 440, ooo^hy©^^ 

, 3 -yc/^^/Vt^^ KI/^^— if (dhaT) <DWtM\ZMU<7)&W 
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^ y ± p ^ 3 - y bKo yt-f?Stti:it57 y ir^T : 

Bell et al. (J. Biol. Che m. 250, 7153 (19 

75) ) K£v&Mtsfrx\<^^mfrb(DTmx*BJEir&ftm;&m^tc 0 

ifete, 5mM DTT^&O. 1M Tr i s/HCl, pH7. SW^M 1 ? 
\Z0. 2mM NADH, 2. 0 mM Kn^Tt J) (DHAP 

) ^^Mf^-aW-f-S^^ b*PX\ 1. 0 m L c^fHMM^T 3 0 o C7? 

DHOSi^^^iy^^^^^ KjSit^3 4 0 nmKl:}o^T^&< £ t3»t 
bfco iV^Tl2cDlft^5DHAP^P^ BfP^gTcWW^btr $ £> £d 

£ 9 G 3 PDWgttSrPS^bfCo 

t^-Tr i sXliMESStfv^y^HS, pH6. 5 ^T?ttH^£: 

i -a-^yiro— /^y ^-e$>ofc 0 t i^n^nm<^Mmmmm^ •. 

(2 OmM, t^-TrisXli5 0mM MES) ; M g C 1 2 (10 
mM) ; RZ^mW ( 2 0 mM) T*fc5 0 fWfO^ff-^ ^/^®#Mg< N 

>^^m\^x^u<Dttm.i)^^h^^m^, ^^^^ h^-ei^i^^Tyt 

LfCo ^.(Djjm^ 2 0mM SI (50/iL, 2 0 0 mM) N 5 0 mM M 
ES, lOmM MgCl 2 . pH6. 5l«f ^ttS^ra^i/ h^tf* 

M?£r^^U ^V^T^r^-<^ h^T=3 7tt5~l 2 0M H^TKfS^- 
A*K «1<7>;& $ {»3^f&{Bf (7^*^77^ — if 2 ~ 0 . 0 2U/m 
L (D if (D^ffl-efe 6 Lfc Q ^y^-fWm (0. 4mL) comm^ 

i^)iWlr^xyfy^tt 0 F i s ke SubbaRowKi (0. 1 
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mL) RXfiMWTk (1. 5mL) %Mx.tz.^ U 3§fe£i2rfc 0 %± 

tM^fcfe^lO^Oi, Ca ry 219 U V/ RT^^ftffSrffl 
I^TbW<£>®JD££6 6 OnmtR^, MWiV ^mMMM (0. 6 5 mM) 
V\ 0. 0 2 6-0. 1 3 0M^/mL©«ffl©ft^Mttiy Vifefi*ftSr^r 

mvftm&mm. &Mma-zm-itommtomvo&, 4 0mM atp, 20m 

M MgSO*. 2 lmM(Di%— CMMZtlfty V A* (9 9 % N Ca 

mbridge Isotope Laboratories) 0 . 1 M 

T r i s -HC 1 , pH9^ft§SJSMl^ 2 5°C"e7 5^M*P^feo 

C-NMR (12 5MHz) \z. «t 0 ^ JJ i? n — /KD if V ± n — 3 - JJ V^-^ 
Olsft^ttilLfc : ^ytn-^ (6 3. 1 1 p p m, 5, J=41HzM7 
2. 66ppm, t, J=41Hz) ; ta-/V3-y y» (6 2. 9 3 p 
pm, 5, J=41Hz ; 65. 3 1 p p m, br d, J = 4 3 H z ; RXf 7 
2. 66ppm, dt, J = 6, 41Hz) Q 
NADH-^!)tP-;Vft KP^'f- ifTyir^T : 

-tfi&tt (gldA) Sr, ^-»°y7^U^7^ Ky;HM»i^i5^ 

^NADH^feM, 7xtS?V^ ht^7x- h (PMS) ^MfeiU 
JBV\ 3- [4, 5-^f;Vf7/-/V-2-^/V] -2, 5 -v^^^/l^r 
h^V^y^A^n^K (MTT) (Dm<*feL7 > c*/W1f^(7)fem^^^^y 
l/Jf&ltfz (Tang et al.,J. Bacteriol. 140, 18 
2 (1 9 9 7) ) 0 
[0 13 8] 

l^lli, *W;MNovex, San Diego, CA^b©8~ 
16% TG, 1. 5mm, 1 5 ls>ff\S) Sr^V>T«3pW^«fe^ £ «9 „ — £ 
}^T^tLfc 0 5 0mM Tr i sX(M*y7«S, pH9^V^10 
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M Tr i sXI4g|j;!J^, pH9, 6 0 m g «?T>^=^J^ 75m 

+ 

g NAD , 1. 5mg MTT&l^O. 5 m g PMS^|"t5l5mL 
(DT^^mm^X\ j/y-fen— (jfoo. 16M©tH«jM) Sr&t?, £.1* 
"£*&V , *2fi<Z>y/1'&JgB8 (deve 1 oped) bfc 0 
[0 13 9] 

tn^rt: Fnn-f (dhaD) t>?f L tli ^ixfc^ y ^ n - t/^ff 
£<£>KJSfc«fc 9 . E . 3pft^©NADH-§^!Jtn-;Vft Kn^t-if 
(gldA) 0#&Ctt^t>^Ut, 

HPLCia^) ^y-fen-/KD 1 , 3-^0/-?^^— /^©telft^rSeSU^: 

mW&&m^^Xft£>nfc 0 lorolLfc^Sli, UV (2 10nm) ^TJ?R I 
Iffi^ffi^Wa t e r s Maxima 8 2 0 HPLC^fA^ftffll 
fcoShodex SH-1011P zf^iJjJ^ (6mmx 5 0 mm) 
£>*K 5 0 o CtfiJtiJ|p$tlfcShodex SH-101 1*7^ ( 8 mm x 
3 0 0 mm. Waters, Mi 1 ford, MAfrhMA) t b 

TO. 0 1N H 2 S0 4 ^V\ 0. 5 m L/^»»-e^^aA Lfc c ^» 

fl-WLfc„ ASWl-i±, (R Itfeffl) , ^!Jtn- /K 1, 3 - 

yn;-!y^ (R I tfeffi) £rj« h y ^ ^/vl^It (U V&OT i tfeffi) <d^# 
BtPfltt, Wtll5. 2 7^j\ 20. 6 7 £\ 26. 0 8M(/3 5. 0 3^ 

[0 14 0] 

GC/MSiaH, 3 -^n^vs^— /U©£0£?ti8Ufc„ 5>#ff»TO 
Mili&^GC/MSO&if^ 

7c c 1 otf>jgL.;fc;fr$fe{3\ Hewlett Packard 5971 Ser 
i e s fC*iiiRlft$ltB£l (E I ) RU?HP- I NNOWa x 77 7 A 3 0m 
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, ftHO. 2 5mm, 2 5 5^ny) i«^tlfcHewl e 

tt Packard 5890 Series I I^^P-7f^77|:l 

©1, 3-/0/^^-^ (m/e : 5 7, 5 8) tf^ftHlJfctfeLfco 
[0141] 

GC/MSOTh^cOft^'P^&^^COil^^b^A/T^o 1. OmL0^ 
S (f!l^fiJ0*_hm^) t3 0 M L©I (7 0%v/v) il«^^nx.fc 0 

T ^ K : try v^tf? 1 : 1 ( 3 0 0 u L) £:7jf0i£$z;#£ tL7cW^^Px., 

iL<MU 6 5°c^3o^tib#F b w^7c 0 ss^tcj: t> ^tt*m&l&v^l*; 

»B-5*7A (48m. rt^O. 2 5mm. 25|im; 
J &W Scientific #>6>) ±"C^ cr-v h^:7^ — $S^±W 

mm<Dmmnm^hwtittiKitm^ti 0 tms-i^i, 3-7p/^^ 

Jr— /KDft^^^ h/H3 2 0 5 N 17 7, 1 3 0101 1 5AMU©fW 

m>bVfc mmmat, Eppendorf, Model 5415C WMM 
1 2, 0 0 0 r pm1?3~5^) 0 ^bthZ _b^^Sr^HWi-A 
^T5Jfgftf£3l2r/EV\ B r a d f o r d©aoT^^7f MtlLtM 

L/c (Bio— Rad Protein Assay, Bio— Rad, Her 

c u 1 e s , C A) o 

4#»KOD5 5 0 (AU) t?fiJofclt^SrfflV^r *9 % ISlNfilifctf) 
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[0 14 2] 

mm ■. 

X? ]) — =^^(c*5V>T, #/&S 1 2i#;t-fe£r;i§^fCo S12i#itt: lOmM 
feUTy^^A, 5 0mM V V V J*WiW0.. pH7. 0, 2 mM M 

gCh, 0. 7 mM CaCh, 50/xM MnCh, 1 \i M FeCls, 
1 /zM ZnCl, 1. 7/iM CuS0 4l 2. 5/xM CoCh, 2. 4/z 
M N a 2 Mo 04^.rj«2 »M 5 ^m^£r*a Wt'Sa 

[0143] 

^S^TJ?^^fca6^ffiV^e>^5i§±-feA{i : 1 OmM ffl£T^=^A ; 5 
OmM MOPS/KOHlfE pH7. 5 ; 5 mM U ^1* !i 
„ pH7. 5 ; 2mM MgCh ; 0. 7 mM CaCh ; 50/xM Mn C 

1 2 ; 1 fiM FeCl 3 ;l/zM ZnCl ; 1. 72/iM C u S Cm ; 2 . 
53/zM CoCl 2 ;2. 42^M Na^oO.^/jM $ ^±&M; 

; 0. 0 1% H#Jiltfi#3 ; 0 . 0 1% #lfT$y®?;0. 8/zg/mL tf 
¥*>Bu ;W5 0^g/mL TytV!Jy^^5 0 J#±fiA 
MO. 2%tf>^yirn— /KfcfiO. 2 %(D^ U -fen— /V£ 0 . 2%OD-^a 

tttK. Txn^7 (K. a e r o g e n e s ) XftT^n^TVW • T 
id^^ (A e r o b a c t e r aerogenes) t L- T t> £P b <5 9 
l/-?*y=C7 • ^a^nT^EC L2106 (Ruch et a 1 . , J . B 
acteriol. 124, 348 (1 9 7 5)) SrE. C. C. Lin (Ha 
rvard Medical School, Cambridge, MA) 
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[0 14 4] 

^^17 •-a-WxATCC 2 5 9 5 5 ^Am e r i c a n T 
ype Culture Collection (Ma nassas, VA) 

[0145] 

E. =3 V DH 5 a i b c o/B R L/i^fAU ^ytn^/Hliv't- 

-7XATCC 2 5 9 5 5 h £ ftfc a * 5 KDNA^ffil/^"Cff^fe^Lfc 
0 ^yirn— /l^fc K7^- if ^tt5a^ 5: KSrpKP Itt^pKP 2 £ P 
£U v^— /l^fc — fi^rMtSaX^ K^pKP4t^tLfc 0 

T^Kte^^ttfcDH 5 a»^DH5 a-pKP 1, DH 5 a-pKP 2 
H5a-pKP4 tmfeVfCo 
[0 14 6] 

E. 3i)ECL 7 0 7 (Sprenger et a 1 . , J. Gen. Mi 
crobiol. 135, 1255 (1 9 8 9) ) SrE. C. C. Lin (Ha 
rvard Medical School, Cambridge, MA) fah 

^-T§ ECL707 — pKPl &TJ?E CL707-pKP2 ft bt5^-^— ;l^f 
t K7^- ifitfeT-^-a^-f-^ECL 707-pKP4 i:|Wl^bfc 0 
[0147] 

t p i it-fsT-^fett^^^M^^-W-rSE. 3UA2 00 (Anders 
on et a 1 . , J. Gen. Microbiol. 62, 329 (197 
0) ) ^E. c o 1 i Genetic Stock Center, Yale 

University (New Haven, CT) ^^IfAU, ? Wf^=c 
^3^5 KDNA^fflV^Tffijtejm ^y-fen— /l^rt K7^- te?ifrg^£ra 
ft5»i»AA2 0 0-pKP 1^AA2 0 0-pKP 2&£>tffclS? 

/V^t K7 ^ — S'l^ Ir^tSAA 200-pKP4 &#fc Q 
DH 5 a : 
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1-Blue MROfil, 0 0 0 ©a o - -Sr^ttS 6 o^ffeJ^S: 
5mL©LBi#MfflV^f U it^bfc„ /^ryT^Wj/hftU 5m 
L LBi&ift+^y-fen— /UrfjmfHH|»$^ o rya-h (5 0 M L) 0 
. 2% j/y-fcn — /k+mL^fc^ {^4 0 On gtfJ^^Bu +0. 0 0 1% 
mmmm^)+ 5 0 ampms l 2&f&mm&tt'*Z> 1 5mLWl:g 

iLfc„ f±ttf^itifcU, /N°77^r/uA-e< 53^ 3o°C7M^^ 

^a^Lfc. 4 8 h^{C^T^«»9^Sij$tbfCo 78hMl32ht 
[0148] 

^^JW^#^b, i/y^n n --^Ht§f C 5f)t L B - 5 0 ampffiit 

, E. nytDH5a^tfMLfc 0 ffMli^Ml, 3-^o^^ 
i?*— ;V<D±m\Z.m\^Xm^<t^ 0 2 o©f f glii^r $ i^ttib L, DH5 
a — p K P 1 RT$r> H5a-pKP2^ bfc c 
[0 14 9] 

p I B I 3 1 (IBI Biosystem, New Haven, CT) ip 
iZ.-y-zffn— ~>-sf£frlfcp KP 1 frh(D 1 2. lkb EcoRI-Sall 
77^yh SrE^J*^ U pHK28-26 t&%> bfc : 1 ) 0 IB 

^^*e^OMil-rsfn^ «9 #03t^Jgg£r9l £>£^ bfc 0 IB^J#^§- : 1 \ZLM 
R-T&b. i?K Kn^riXT-fe h K^S d h a K 1 ^§rrSTO 

<0W<7)7 9sfyi is h&mmi ~ 3 9 9^mv^fc$n (*iMlE?IJ (complem 
ent) ) ; / yirn-;Vft Kn^t-^^n^ Kt5tlf5#d h a D^t 
Si 010-210 7^mV^£$^ ; y y'V y If— £ = — K-TSScIfc «9#dh a 



(75) #S2 0 0 3-5 0 7 0 2 2 

RtfSJ£g2 2 0 9-4 1 3 4^JE^f££tl, ; TfcftJCD^fgCD^ y/^f^n - Ki~ 
5Mt»?#o r f W^m^4 1 1 2-4 6 4 2 M JLl^&ift, (tB*tE^!l) ; 
K^^— -tfWf&tkfb^W^SfSra — K-rS«m«?#o r f X^tS4 6 4 3- 
4 9 9 6K^^fc£tl mmm) ; 1, 3-^n/?yj?t-/l't^Kl'^ 
i?r— gifrra— K"*"5 !> # d h aTi^l5 0 17-618 O^BV^fc^H ( 
ffi«IB^lJ) ; *^POafg(7)^^^®^=i-K-r^^m^#o r fY«6 2 
0 2-6 6 3 0 ^ HA $ jx (*Bffiffi?IJ) ; rf^yh^UtP -/V 

7*t K7^-^^3 - Kt5il»?#d h aB 0 4 4-8 7 1 ItE 

#d h a B 2 #5*1^8 7 2 4- 9 3 0 8 fcjLV\ftr§;ft, ; jS^T^-fa.^y Y ? V 
to-;Vft K7^-f?T3- K-f S9K5tt)#d h a B 3tf5*tt9 3 11-97 
3 6tJIW;:£;n, ; K9^— ^SSH4^^>-^^StS: = - Kt5I»^)#d 
h a BX^I19 749-1157 2^BV^c$tt ; V i? a— /^itZffijl^ ^ 
^^HSra — K-TS g 1 p F^Mt-^StM^:^^ ^ 1 6 2 6 

-12 14 5 tdJlA^fc^tLSo 
[0 15 0] 

->-3>^n7cE. n!)XLl-Blue MR©S/y^nnn-^2 0 0 /z L 
CDS 1 5jfJfi (gt^T^^^^, 1 OmM ; V V V &Wmm, pH7. 

0, lmM;MOPS/KOHiII, pH7. 0, 5 0 mM ; M g C 1 2 , 2 
mM;CaCl 2 . 0. 7mM;MnCl 2 , 50/iM;FeClj, 1 n M ; Z 
nCl, l/zM;CuS04 N 1. 7 2 /z M ; C o C 1 2 , 2. 5 3 ,u M ; N a 2 
M0O4, 2. 42/tM;M , f7^Iit, 2jtM) +0. 2%<Z>^yi?n 
— /H- 4 0 0 n g/mLOt^ 5^Bi 2 +0. 001 %COmM^tH^l+ 5 0 u g 

/mLoryt^y ^Sr^-^r-rs 5: 9^94 ^/wf^&wufco ^ 

^-<7oi/K7)ftil^, LB - 5 0 a m p tr^Wi" 5 ^ — ¥^-%^*Lfe: 0 
9 6hf, 10 0/jLlrIiU 0. 2 ^ny^Dy^^^-^ft 
5Ra i n i nS^f^-el^Lfco /^tPTOTU »HPLCM 
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f£faofCo LB- 5 0 amp±TfJ5ftSU^2o(DHM40^n — yoio^fcfi 

p KP 4 tiLfCo p KP 4tfff SE. = 5 FDNAWfftb 

% E. nyftDH5 a e«tbfc 0 DH5a-pKP4it^5iibfc 

EC L 7 0 7 : 

E. n!lttECL 7 0 7^pKPl, pKP2, pKP 4<Z)lotMt§^ 
^ KK. -a-^7xDNAXiiSu p e r c o s <Dfr&m^Xl& 
Wfc^rb, t*lftlECL 7 0 7-pKPl, ECL70 7 — p K P 2 N ECL 
7 0 7- pKP4MECL 7 0 7- sc^Lfc o ECL 7 0 7lt Zfh^ 
JlAT P - t#1t^!J t P-;^f-f , NAD* -|£#^U i?u — /l^t Kn 

fA©^t Kn*^7t P-^O/cfecDSfSt I I K"T5 glpK, g 1 

U«p t s D^^L-Tl^o 
[0151] 

LB- 5 0 ampW»t>^i$n&, ^frb-^ft^ = .X ^ K^IKI©2 0 CD 
v-^^/V=to^«-^.tJ?S u p e r c o s-<^ — (D^ (AO^M^^P) <Z)^K^ 
^©5o©^y^>nn--^TX^-LB-5 0 amp»#Lfc 0 r^LP> 

^JJirn — /v&i, 3-^n^N°^>?^-— /vMtSttl^^tlL 
Tt>M-<fc 0 if©of «£ 5 C£rfflV\ 0. 2%cDi/y iro— AsJLlZO. 2%<D 
^y-fen — /i^ o. 2%OD-^/l-33 — x^|iM$n7c2 o 0 LOltifiASr^" 
ttS^^D^^^ -¥Siuff Wlli^f Ufc 0 3 oti:isit5 4 8h©| 

CD-T ^^r^^<— is a ly(D^ % ? V $4 SfWL 1 ? ^/^CO^m^^ 0 . 45^ 
a o l/~7 iv^ — ^jt VXmm L N HPLCHi^Dv^77^Hl 

[0 15 2] 



m3] 
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ECL707-pKPl 19/20 19/20 

ECL707-pKP2 18/20 20/20 

ECL707-pKP4 0/20 20/20 

ECL707-sc 0/5 0/5 



[0153] 

AA 2 0 0 : 

E. n!ittAA2 00^pKPl, pKP2 N pKP 4©lofcMt5a^ 
5; KK. ^ = TjiDNASlTJ«S u p e r c o s ^ — c£>^£rJl V ^TJI^ff 

feifeU ^MtLAA2 0 0-pKPl, AA2 0 0-pKP2, AA200- 
pKP4lt;AA2 0 0 - s c b4tt& L/c 0 ftAA 2 0 0 f> y ^— X y ^BfeW 

y^7-^^*ttv^ (t P i") „ 

[0154] 

E. 3DHECL 7 0 7^MLTiE«b7tii9, ^n^O =r * * KffM 
(7) 2 0 a - — ^7J?m ^ — ^^.^^^^^ 5 0 (7»^V^ 

nn^— ^gtU ^Pirn— /k^ri, 3 -zfvs<i/i?3r— /Kdfe^-fS^tb^ 

[0155] 

[ift4] 
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Ml 

AA200-pKPl 17/20 17/20 

AA200-pKJP2 17/20 17/20 

AA200-pKP4 2/20 16/20 

AA200-SC 0/5 0/5 



[0 15 6] 

e . j!)fm5(d^hp rzk±±rrM^^^^fe^Sll (e n g i 

neer ing) 
g K^jfg : 

Puregene DNA Isolation Kit (Gentra S 
y s terns, Minneapol is, MN) IrfflV^E. = y FM5 (AT 
CC 5 3 9 1 1) £V ADNA^I»Lfc 0 Ufr&Dg 1 P F^.7J?^y -fern-yV 
3f7— H? (g 1 pK) itfe^-^-a 1 . 0kb©DNA77^^f^FM 
5^;ADNA^P), IS^IJ#^- : 2&tJ 5 E^I##: 3 £rffll\ PCR 

(M ullis and Faloona, Methods Enzymol. 
155, 335 (1987) ) \Z.XK> Jifg Lfc 0 SP^W g 1 p KRU g 1 pXl 
^^tr^fri~5 1 • lkbODNA7?^yh*FM5y/ADNAH < 7° 

-^-@B?lJ#-S§- : 4«f|:MunI«|Alfc. 7°7^ E?U## : 4©5' 

^mti^7^c ^— ia^i## : 3 oisWHtia^ij-efc *> , $k 9 y?^?* 

T^v'a yPCR (overlap extension PCR) Sr RTtifc b 
fc 0 7 V7°^P T^Tls*/ 3 (Horton et a 1 . , B i o 

Techniques 8, 528 (1990)) M «fc SiltiS^T^-f v"^ 
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# : 2$.TJWiJ#-5§- : 5 SrfflV^S PCRl^ioT 2. lkb©77^^h^ 
$cbfc 0 ^©77^>M*1. 5kb©g 1 p K^fc^cD^'L^^fbfDO. 
8 k b CDX^&^LfCo ±.Wt\^X^ :(077^^MiMunUn-=y^ 
IrlMi (»glpKrt) ©flflftLLfc 1 . OkbMl. lkb©77^^ 

[0 15 7] 

_b|B(D2. lkb©PCR77^ybOTML (A^fc*— y^7V 
T — "fc? (mung bean nuclease) ^r^H^T) ^ Z e r o B 1 
lint PCR Cloning Kit (Invitrogen, San D 
i e g o, CA) ^fflV^tp CR-B 1 u n t p — ^fc? u^^l/J? b % # 
■J-W v-v&I^if ^-v^Sttatfe^-^^-r^ 5 . 6 k b cd^ 0 ^^ 5 KpRNl 

0 0£r#fc o s*frV $-7T— PI 1 oxP^t (Sna i th et 

a 1 . , Gene 166, 173 (1995) ) \Z.£ (5 77^^*1^ 
P7i7i-3 ^ /^litejtfe^- ^T-a ^"i" 5 pLoxCatl ^t>© 1 . 2kbO 
H i n c I I 77^VF (7f^HfcD|£Jit:) frflfV\ KpRNl 0 0 4* 

©g i P K77^vFt ^MMun i -mitztitt. (R^mmmtistb 

fc) 7°7^^ KpRNlOOiClfetSrt^i^lrU 6. 9kb©7"77 
^ KpRNl 0 1-1 £r#fc 0 R 6 Kjg^tSr-g-^-t-S 3 7 6 bp©77^^h 
Sr. ^°^-r-^-ia?lJ#-^- : 6^E^IJ#t: 7^ffl^W^-pGP 7 04 ( 
Miller and Mekalanos, J. Bacteriol. 170 
, 2575-2583 (1988)) h P C R <£ «J tgffi U ¥?f*«^U. 
pRN101-lH©5. 3kb©Asp718-AatI I77^^h ( 
¥m*^k^ttfc) I'iSlitU ^•7 > ^-r^^t5^a^A^ ; c^n-/Hfi451^ 
f^tt5 5. 7kb©7°7^^ KpRNl 0 2-l^r#fc 0 pRN10 2- 

1 (Dl&I&CDlHtiXD^ R 6 Kjg,£^fflV^ pRN101-l ^©C o 1 E 1 jiL^jt 
^CD«m«, fS^^^©if^--->^jitt4jt^o^:^t>^A>fc 0 pRN102-l 

ii©fcfe©t±tt, R6KmM.<Dmm<Dfcmz.!&^f£p i rate^sr^^r-rs 

E. ni)SY3 2 7 (Miller and Mekalanos, J. Bac 
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teriol. 170, 2575-2583 (1988)) "CfcofCo 

^ p 7 A7x^3-;l/Bffigfe^gf (interrupt) %&±&?2L^E 

—/U^-f—^mm^MW-R J F 1 0 m(ftjftf£ : 

E. = V FM5^-tWM^7^^ KpRN102-l £rJEV>T®^Wl2 
MSS}^ b (electrotransformed) , ^07is7x^n w_ 7 ^_ 
Mtt (12. 5|zL/mL) ^^-^Sf£ (30/ig/mL) "Cfe 

5^«tem»§r $ ^ 1 mM©^' y ir n -/l-^ft^M 9 ft'>ig±t!l_LT\ ^ 

y-fen — ;V^-^m (non-utilization) tlLTX^ y — =^ 
i^bfc 0 1 ocD^rcD «t 5 RJF10mH©^ADNAOEc 

0 R I ffiitfe, lMfV^#f (Southern, J. Mol. Biol. 98, 
503-517 (1975) ) LT g 1 pKl^^V^ft^f 
6 £ , ^rtt^S H H — ^lililiZ^ft: (double — crossover int 
e g r a n t) (g 1 p KJtfe-^g^) 3 - £ U ^^tt^n^A^^ 

/VlfttilfS^rt^^^Sii^P^E c o R I ^iLC0#^(D*5^tf-I:\ 2o© 
«"J$^L^7. 9kbW2. 0kb/^K«^fc^f,^5o 
^l^«loco^iJ^tL/c9. 4kb/^K?r#ifc 0 ^Ml#:RjF10m 
(D* CNMRMft, ^"tt^ 13 C-^lt^tL7t:^y ire— /k^ AT P^r^y ira 

bfc, ■794-?—<Dm.&fr>1ts BB^IJ#-^- : 8 ^IE^iJ*-^- : 9, M^m^ : 1 0 t 
IB^J#^- : 1 lRXJm^m-^r: 8^ia^iJ#-^-: 1 l^iV^^VAPCRia!) 
7>fft^ ^th^n^tl^thm^th^ 2. 3kb. 2. 4kbRl^4. OkbcD 

nmm^r : i i &m\,\ ^ay^ns 3 . 5 k b <Ds<^ Y^7Lfc a g 1 p 

^Mf*R J F 1 Orn^r^^^^ K p AH 4 8 ^rffiV^T^^Wfe^L, ^va- 
XiJ^©^!Jtn- /^^SrRlti^L7t 0 glpK«l^ E. 3j)R J F 

1 0m£rl 9 9 7^1 1^2 4PH, Budapes t»^TI^ AT C 



MfrR J F 1 0©i^ 
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YENBfi (0. 7 5% mm^mm, 0. 8% fi^Vay) ±T'3 7 
°C^&\^Xm$Ll$M£^:f~&, I PTG-fPfU a cUVS/n^-^-©!! 
TO^^fyt7r-^P 1 C r e V a^lf^-— fiS~ifiSttp S 
C101l/7°!J ^XS^T^tfiyy ^Wttite^^-a ^"1-6^7^^ Kp JW1 
6 8 (*^M©3fe*) TkM-W^^E. ajRj'Fl Om^tMlfg 

tLfc D SOCfififp-C3 Ot^^V^T^ffM$*> #/W<=->y > (5 0 
A g/mL) MIPTG (ImM) W§tltLB*^l±t3 Ot (p 
JW1 6 8«»©fe«>^flFSn5l«) fc^l^C, ^Mte^«?ral^Lfc 0 C 
r e V =t>\?-r— &\z.& ymftZtiZ 1 o x PflfW3Cc^*5tt5«aife^.Sr^i"5ife'fe 

&tM PTG355*|J£$ttfeSffbV>LB*55^ttlJ:'C3 O'C^^T, /— /U&tt 
f c =io^ — (7) 2tl]3$^^ ; S^#^: ; fTofc (Ho e s s and Abremsk 
i, J . Mo 1 . Biol. 1 8 1, 351-362 (1 9 8 5) ) „ 
nn^^/^i/ij I PTG«^fcLB«»f*^P,{;i^D 

7A7x = n-/V (12. 5 At g/mL) £^§J£ $ tlfc L B*^_k}£ y 

SJ##L, *^=?/y y-fttio^P7A7x=3-/i/-i!^tt"e, tj 

O°Ci0#%:£:/SV\ 1 0mL(DLBi#:fetS^^flbfc o 3 0°C7?0. 6AU©OD 
(6 0 0 nm) 3 7 "C^JiW-f ^dr^-<— V a >- L7c 0 

V N < o^^(D#^^^fc ^^^Ci?)|y.J6 ^>tl/7b L B^^J§±t&_b'T? 5 F^^^ L x 

4 2°C (p JW1 6 8W&<OtL#>\Z.ff£tifj:\,^m.m) 7?3«-f ^=3r^-<— >a ^ 
LfCo #^tLS = n— — ^LB«^lSt;*;^^y >- (7 5,a g/mL) 

a**tJ£ £ tL/c l b m^mm±i^ y #«*#iib, v-jgstt-c 

fct), ^7^5 Kp JW1 6 8©^Sr*t=n=-«rPlfeUfc, lo©^©J; 

5 & g i p K^fcggmti^ r j f i o &y p 7 4-^—m&m-%- 8 &-owij#-*§- : 

7J— afe^cD§][^^|ftfjELfc 0 1 mMT* U "fe n -;Hrttt5M 9 M 
^ffl«HE$tL7t 0 g 1 pK»ll*R J F 1 0^77^ Kp AH 4 8 
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[0158] 

H»»|3 

g 1 d A3tfs?-y y^7F (knockout) ^t5E. =3 ytfrPtiNS 

•tJh^jMcif&s p h 1Mb a ium r MA^tifcy 0 94-^—m^m^ •. 1 

2WIB»f : 13^V^PCR (K. B. Mul 1 is and F. A 
. Faloona, Me t h. Enzymol. 155, 335 — 350 (19 
87) ) *) E. ay^gl dAat^SrWHU pUC18^©Sphl 

MXb a ltWfctf>Wfc^ = (T. Maniatis (1982) M 

olecular Cloning:A Laboratory Manual 
.Cold Spring Harbor, Cold Spring Harb 
or, NY) \ pKP8WLfc„ pKP8^g 1 dAtfeW©^-^S 
a 1 l^Nc o 1 W^V^gllfU ^S^rK 1 e n o w<lrJlV^ Wfrfc L 
. jS*£U g 1 d AOEpfffl^ttS 10 9b pcD^^t^^-^-^ S a 1 1 Ifflft 
pKP9MLfc, JJ-T-^J WBM*^*.**^ (kan 

) ^tt mmm%3=* k^o_l^«j4 o o b P s ©DNAx«fjh3 k 

VcDT^-ftl 1 0 0 b p s ODNA^&l. 4 k b©DNA77^ ^ h?T, 

*^s a i mmmA^rLfc^v^^-m^m^ ■. 1 4^t^is^ij#-^- : 1 5^ 

IV^5PCR|:J:0pET-28a ( + ) (Novagen, Madison, 
Wi s) i^^HL, pKP 9(7)^- — ^ s a 1 1 gp^^^f*^^ o— n^^U 
, p K P 1 3 ^ESc UfCo g 1 d A»HRW*&= K^cD 2 0 4 bps TgfE-e^* "9 
, g 1 dAW±3 Ml 7 8 b p s JiSTCii&b 9 x k a nJfAJt^-a^-f- 
52. Ik bODNA77^ ^ h£r. ^rtt^tL^S p h lMXb a 1 «S<ft 
^^A^^c^^-r-^— B£U#-5§- : 1 6 RTM&m^ : 17?rflV^PCR!a 
5pKPl 3d^^fiU p MAK 7 0 5 (G e n e n c o r Interna 
tional, Palo Alto, CA) tpcDSphl RTfX b a 1 §|5{iLOW 
(ifT'^n^y/L, pMP3 3«Lfc„ pMP3 3^^TE. 3j) F 
M5^f$5iU p MAK 7 0 5l&K©fc&l-f* £fr5*I.^?*>5 3 0°C-C2 
0 n g/mL0k a n_b^*5V^T51^.b7t 0 2 0 /i g/mL©k a ntfSMJ££*L 
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fz.mfci%1&tp-V3 O'Cfcm^X* lo©3n=- SrijSl^ifcfc^fc (expan 
ded) 0 1)3 2, 000 <D%n& 2 0 u g /m L CO k a n JiT^^^* U p 
MAK7 0 5^<Dfcfctf>f&|P£?aarCfc5 4 4°C(^V^1 6H#Pfl-f 
^ a V Lfc 0 4 4 r^^6ffm^»?^fefr^{-ffl.3A*^fci^^ * S K 
?rl"U, ^J0. 0 0 0 1 OiSt#tt5. PCRMtf^nyf (E . M 
. Southern, J. Mo 1, Biol. 98, 503-517 (1975 
) ) £rff£rfflV\ ^«teifeJWllia^*S»t5Jtefe<mi&**§* (event) (DttR 
Sr^^Lfc,, V^Xpls-^xi y bft$f (Towbin et a 1 . , P r o c 
. Natl. Acad. Sci. 76, 4350 (1979)) 3rffll\ g 1 d 

y t N A D H^©gH^T b 7 / ^ Afei, MTT [3- (4, 
f7^-2 -2, 5 -S?7x=/I/f h7'/ V V&Zfu 5 K] 60^< 

co^y ira— ;v*f\i Kn^t— t?y^ K^*3tt5fiH4**feb^io ^yirn— /V 
7tKn^t-^l43 0mM 1^7^=7 Wl 0 OmM Tris. p 
H9cO#^%^^^^-^, (Tang et al. , J. Bacteriol. 
140, 182 (1 9 9 7) ) o M^ixfc 8 OOfl^ijiSO^T' 6 g 
1 d Ay y?TV bX-&Z>t®:fe&tltCo E . ^yMSP33. 6^1 9 9 7^ 
11^2 4 01:, h^Ol|]Tt, ATCCllfteLfti, 

[0159] 

g 1 P KMl 1 dAlfif/ y^77 h^ft5E. a y %CQ^|g 
g 1 d Aatfe^PSra-^U ffliRM^^ K^co_h^^2 2 8 b p s©DNAM 
Sm#lb^ KVCDT^t-2 2 0 bps ©DNA^ttfl. 6 k b ©DNA77^ 
y ^ h Sr. Zti^timfts phi S.TJfX b a 1 SH£^#A £ frhfc. -^7 A — SB^U 
#-J§- : I 8RmZ$m^ : 1 9 SrJBV^ P C R }C «fc 19 E . ^y^b^U pU 
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C18©Sph 1Mb a lfflSteOMte^n— =1^U P Q N 2 «J5£ Ufc 
o P QN2^g 1 d Ajtfs^-rt©^ — — ^ S a 1 1RT$N c o 1 SMS 111*51 >-C$J 
»fU »K1 enowlrffiV^ftU 5**£U g 1 d AOf Wfc::i3t*5 
10 9b p©«^=-^S a 1 lfM&<D??££r£C, pQNMlfc D 

(kan) £r£^TU UxPl3tti:^7 
V^V^^flfc 1 . 2kb©DNA77^yM:pLoxKan2 (Gene 
ncor International, Palo Alto, CA) ^bS t 
u 1/Xh o 1 -7*7?* >ht ttWL, K 1 e n ow^ffi^T^^^tft 
L N pQN4cpt, Kl enow^ffiV^SfflMtSa 1 lW^V^Tf 
u-^^W, pQN8WLfc 0 R6KlSimtt5 0. 4kb 
©DNA77^ ^ h£r, -^tl^tl^i^S p h lSt/Xb a 1 3«tf5#A& 
■7°9-(^~-M^m-^ : 2 0^I^WIJ#-^-: 2 1 SrfflV^PCR|cj;») pGP 7 0 
4 (M iller and Mekalanos, J. Bacteriol. 1 
7 0, 2575-2583 (1988) ) T^b^HtU pQN8^c7>g 1 dA 
: : kanTJty f^tt5 2. 8 k b©S p h l/Xb a 1 DNA77^ 
^H-MIU pKP2 2WLfc D ^ci^A73i^ = -/V»tt^^x.?>it 
fc^(cam)=Sr^rU 1 oxPM^i'9 77y^y7 , ^ixfcl. Okb© 
DNA77^^f?r, pLoxCat2 (Genencor Interna 
tional, Palo Alto, CA) HXbal79^^bi tt¥ 
Bib. pKP 2 2^tXb a l»B^Tt7'7n-=y^U pKP23^ 
Jf^bfc 0 glpK-T*Jt)5E. ^DttRjFlO (Hm^J2S:#M$ttfcVN) 
^pKP 2 3 £/S^T^ffl5$IU Wk a nR c a m S Sr^i" 

„ ^ y ir a — /l^ t Kp €^V^'|4T ^ ir-T (^li 3 ^fBgc Ufcii 0 ) 

V^£3r^b7c 0 HJfeM2^fB*febfc:ii«9 l£C r e -^^7^5 Kp JW1 6 
8$rffiV^|»?)k a n-r-^-^^L, ftKLP2 3^#fc 0 Mk 
a n S^^5lKo^(D^|t^«:^y-fen — /i^fc Kn f-r— if 
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[0160] 

^ y -fe p 3 - y y t K n y t-if (DAR1) Rtf/OUi^JJ *fcn— /!✓ 

(GPP 2 ) PlMM^2^1KiiIlMi 
^!)tP-;V3-^X77^-g (gpp2) cpfcfecp^glTJi? y h(D^M : 

fj/*n ^ir^ • tHfV7xM^V7A^n-y6 592 (GenBa 
nk, $(tAtl#fU188 13xll) ^ATCC^?>#fc„ 5' StBa 
mH I-RBS-Xba I pfiiiLlklF 3 ' S m a I Ml^A^Tc^^ 

(&m^ : 2 2mM&m^: 2 3) Sr/Bl^S, IWDNAiLt© 

(GPP 2) ^r^n-=^^Ufc 0 itepCR-Script (S 
tratagene, Madison, WI) fp\Z.S r f I ^MiiC&l^TI^^ 
^>^U GPP2Srttt5^7^U*pAH15Wtfc 0 Zf9*$. 
Kp AH 15»pCR-Scr ipt SK + ^cD 1 ac — 9 — frh <D%& 

^Biu-c^^iafRi-cGP pat^^w-rso gpp 2it^s:^jfir-r5 

p AH 1 5^bcDB amH I - S m a I 7=7?* >-f£rpBlueScript 
II SK + cpiCjfAU 7°7^^ KpAHl 9MLfc D pAH19ttl a 
c7°n^^^b©MMUjEU«GPP 2at^Sr^-r5o G 
P P 2MBT^^ir^ p AH 1 9^f>©Xb a I -P s t I77^^^f^p 
PHOX2^!^AU 7°7^^KpAH2 1^ofc 0 pAH2 1/DH5 a 

7' P t p 3 - ]j y t: K p ^t-if (PARI) ©fcfetp»ty Ftp 

Lit AW 

fflE^ : 

M7°7^f-7- <SB&m-&: 2 4RUm^m^- : 25) SrfflV^5^/AS. 
Hfi/rxDNAd^roPCR^n-^y^iiJ, DAR 1 Sr^(Stbfc 0 fi5c35 
LfcPCR^D-^y/lt DAR 1 CD 5 ' TfcSgfclN c o I gMfcSrfit, Nco 
I^OATG^DARH-yx^-^f^yt^5 0 DAR 1 CO 3 ' 
\ZB a mH I &tiL&fflWl?~- 5 ^-^-»^^A§HTV^ 0 PCR77^ 
^ >- h£rN c o I + B a mH I ^/SV^tPHk D, Mi^X 5 KpTrc99A 
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(Pharmacia, Piscataway, N J ) P^cOIrI C^fi'Pt-^ o — 
~>^U pDARlAr#fc 0 
[0161] 

DAR1<7>5' !) !J #y-A^«#5fcfe|:, ^l^/JA 

■^r— (Ifi^J#-§- : 2 6 £IS^J#^§- : 2 7) COT-— P ^^^J; 9 #fc S p e I - 
RBS-Nc o I y y*-^pDAR 1 A CON c o I Ui^^W AU P AH 4 
0^^ofc 0 ^7^^ Kp AH 4 Ott, pTrc99A (Pharmacia, 
Piscataway, NJ) (Dtrc ^e— ^ — <D%g%L\ZM UTjE UV^ 
IS|p] _ CSf LV^R B SSt^DAR 1 jftfE^^'a ;; fi""t~ ; 5o pDARlA)5^0Nc o 

1 -B a mH I 77^ ^ hM^7^v- (E^J## : 2 8 tE?lJff : 

2 9) C0T~— V l/?\Z.Zi K) nt^W, 2 <Dm<D S p e I -RBS-Nc o I D^A 
— 5rp BC-SK+ (Stratagene, Madison, WI) CO S p e 

I-BamHlWt:#AU % K p AH 4 2 £r#ofc 0 7 P 7^?Kp 

AH42!i7P7i.7x = 3 ^/^Stim^ ^^ppf" & „ 

d a r l&t^g p p 2(Dfrfc(DmmjJ±V h CD«H : 

DAR l^t^GP P 2<Dtc&<D56$L% J biy h^r, »W^»^7Jfe£ffl 
V\ JhfEcO^n^ttcODAR 1WGPP 21^^u — ^^6>jffi.^3feTfc„ y aj? 
y— AJg^SMfc (RBS) Rt>*GPP2lfef^tft5pAHl 9^b©Ba 
mH I -P s t I 77^7h?:pAH4 Ocp^lJfAU pAH4 3£rfFo7c 0 
RB SRUGP P 2 itfe^^-a^-f-S p AH 1 9^fe©B a mH I - P s t I 7 
7^yMrpAH4 2«}'HJfAU pAH4 5^#oft 0 
[0 16 2] 

GPP2©5' 5k*Sfc:*3tt3 y ^y-^^^i^r^TOii^ KHJEjELfco # 
|77^^GATCCAGGAAACAGA (1H^!I#-J§- : 3 0) ^CTAGT 
CTGTTTCCTG (IB^J#^- : 3 1) GPP 2ife^tf tSpAH 

1 9d»fc©Xb a I-Ps t I -7*71?* is M^T— — U l/Jf~t%> £ t lC J; 9 #fd 
B amH I-RBS-Spe I y 77J"-!: p AH 4 0 CO B a mH I - P s t I fflS 
t'PtjfAt, pAH4 8^|tofc 0 77^^ KpAH4 8il pTrc9 9A 
(Pharmacia, Piscataway, NJ) (Dtrc :/n-=E- — <$? — 
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!bOf£mK:ML-CIELl«rS31?DAR 1 flOER B S &TJ?G P P 2» 

E. gjWfgi : 

DDH5a, FM 5 L P 2 3 4> tfc 0 MWMWm^^f^h^ 

DNA R F L P^ — ^fcj; ^^EELTCo 
[0163] 

mW>^<?¥~- P T a c I Q^tiflj : 

1 a c I q ifrfs^ (Farabaugh, Nature 274 (5673) 
, 765-769 (1978)) RU t a c -fn^ — p— (Am a n n e t 
al. , Gene 25, 167-178 (1983) ) £p BR 3 2 2 (Su 
tcliffe, Cold Spring Harb. Symp. Quant. 
Biol. 43, 77-90 (1979) ) (DUWi^^ V% ? l^T~t?*WfcE c 
oRI^t#At5itta^ E. nyM^^^-pTa c IQlrlSLfe 
o #Jt^ >-sf%$iiL (a multiple cloning site) 

RIP? — — IB^IJ (Ifi^J#-5§- : 3 2) iJEcoRlHSphltTJpB 
R 3 2 2lB^J^^oTft^§ (replaces) 0 

irn— ASfjc &M£s± (dhaBl, 2 N 3, X) cp-fr^p— .=■ 

5' »EcoRI«lF3' »Xba I $P^ s ^A^tL7h7 P 7^^ 
- (IBM#-5§- : 3 3^T>WlJ#-^-: 3 4) Sr^j dhaB3l 
f5^<Z)fci?)OM5ti9#^pHK2 8- 2 6 ^bi^I bfc Q 0%£p L i tmu s 
29 (New England Biolab, Inc. , Beverly, M 
A) *P\Z.y-7fr ^y^U dhaB3^ff577^? KpDHAB3^ 

[0 16 4] 
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pHK2 8- 2 6H©dhaBt^ny©dhaBl, dhaB2 x d h a 
B 3RTtd h aBXW5i3- K^Sr^Wi" flUJPSififtK p n I 
2fc.T*E c o R I ^ffiV^tp BluescriptIIKS+ (Stratage 
n e , La Jol la, C A) rr^^U T"^* 3: KpM7 SrffSo 

[0165] 

Ap a I &^Xb a I SrfflV^S^^^^ KpM7©»J; Hha B Xlfe 
^£r6fc*U 5. 9kb77^yf«U W^7^^KpDHAB3 
H©3 2 5-bp <Z)A pa I - X b a I 77^ f h d h a B 1 , 

d h a B 2^:t^d h a B 3 £"3-^-^5 pMl 1 £rf^ 0 f- o 
[0166] 

5 ' ^[uH i n d I I I mi^L^iiy Afl££W£Rt*3 ' t^S^X 

b a I WfA$tifc77^ ^— (BB^IJ#-^ : 3 5 ROWO^ : 3 6) £rffl 
l^PCRtJ:^ dhaB l3t^^-OfcfecDitaf9#^pHK2 8~26fah 
ifipg L-fCo M?£r pLitmus28 (New England Biolab 
, Inc. , Beverly, MA) ^piZ^y^ d h a B 1 

Wi-S^^^^ KpDT 1 &j£f£bfco 
[0167] 

d h a B 1 3t^?\ d h a B 2 SttS^U* d h a B 3 stfe^O— SfU«T^ ^""T 5 
pMl li5^©No t I-Xba I77^^hS:pDTl d h a 

BM777?h\ pDT2^fofc 0 pDT2H©dhaB (1. 2. 3) 
jte^^Wi--5H indl I I-Xba I77^^^pTac I QfKlif 
AU pDT3£rf^ofc 0 

1, S-yp^^^t-^ft Kpyt—gjfe^ (dhaT) cp-y-y*? 
: 

1 , 3 -7n/N>;;t- fc Ko^t-^ (dhaT) jtfs^'a p 
HK28-260KpnI-Sac I 77^^b^pB 1 u e s c r ipt I 
I KS+cflC-^^^n— = 7°7^^ KpAHl^ofc 0 ftSDNA 

tU©pAHlft&W:5' ttXbalW^S' »BamHI^ 
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m$m-%- ■. 3 1 3 8) ^b©pc 

Rf31«fc9 N d h a Tjftfc^fcilMBLfco M^l^p CR-S c r i p t (Stra 
tagene) ^ S r f I UtiLKm^XV-?? n-r^^U dhaT^t 
KpAH4WpAH5^Lfc, ^7^^ KpAH4ftpCR 
- S c r i p t c+PcD 1 a c 7° n ^ — (D^^^M UTjE bV^|E[Rjt? d h a 
Tjt^Sr^U p AH5fiS*r©fi|ft-Cd h a TjHS^Srg^-f-So dha 
TmfK^-^-a^"-t-S p AH4i^©X b a I -B a mH I77^^^pTa 
c IQfiujfAU ^7^5 KpAH8«Lt 0 RBSSt;dhaT» 
ft-g- ^"-^6 p AH 8 ;&> £> ©H indl I-BamHI 77^^ hSrpB 1 u e 
s c r i p t I I KS+tpWfAL, p AH 1 1 ^r{1=ofc 0 
dhaTMdhaB (1, 2, 3) (Dfefe^M/jt y b(Dfl : 

dhaTWdhaB (1, 2, 3) CDfc 
fecD^Ji^ir y h ZWiWUD^fl^tKO d h a B (1, 2, 3) MdhaTf^ 
^n — ^frhmZf-tLXtCo pDT3^b©dh a B (1, 2, 3) 5*te^3r^T 
i"5 SpeI-SacI77^ ^h^pAH 1 1 cp^cl S p e I - S a c I U\± 
K33V^tifAt, pAH2 4^ffofc 0 fHl!l»!tSa 1 I-Xba I 
fc p AH 5 tpld Sall-Xbal!) — (BE?lJ## : 3 9 2fc.TJ<E#|## : 4 

o) £r#AU pDTi6^ofc 0 yy*-ttXbal»»5 0 

tpDT16^b01kb©Sa 1 I -Ml u I 77^^h^pAH2 4<f^ 
jfAL, m#-t"6 Sail -M luI77^ yM^oTft^^ pDT 1 
8 £rftofc 0 pDT18K^Sa 1 I -No t I^^Jf^l/ h&VpM7^b 
CON o t I-Xba I77^yf^pCL 1 9 2 0 : 41) ^# 

At^rtia^ pDT2i^f|lfc 0 xM/7 c b^ir^^f ) (7)7 , ;V3^ 

-r 7— ^^o^e— ^— is^ij (ga^ij#-s§- : 4 2 ) ^pcRia^n-^y^ 

U pLi tmus28©EcoRI-HinDI I I»|:#AU pDT 
5 £rfitilL7c 0 p DT 5©E coRI-PvuI I 77^^ b^pCL 1 9 2 
OcDEcoRI-PvuI W$L*¥\zMX~r2>^b\Z.& <9 , pCL1925 trfllig 
bfc 0 p DT 2 1 COU inDI I I -M lull 77^V WpDT2 1 <7> 
Mlul-Xba I77^7F^pCL 1 9 2 5CHinDI I I-Xba I 
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dhaTRlfdhaB (1 N 2, 3, X) <S>fcifr<ft5§g|;fr-fc y V Qjjfgg : 

pDT18H©Sa 1 I-No t I 77^^ fMpM7^t©N o t I 
-Xba I77^y^pCL 1 9 2 0 (BB?U#-f§- : 4 1 ) A~T 6 £ £ 

f£«fctK pDT2 l|rfiUfc 0 X f U7K^tXi^(D^n-X/f 7^7- 
-^^n^-^-iB^J (IB^iJ#-^:42) C R^£ 9 ^ n-->-^U pLi 

tmu s 2 8©E c oRI— Hi nDI I I UtiL^ tffAL, pDT5«L 
fc 0 pDT5©EcoRI-PvuI I 77^^ f^pCL 1 9 2 0©E c o 
RI-Pvu IgPfifc^difAi-Sr^^.tt). pCL 1 9 2 5MLfc 0 pD 
T2 lCDHi nDI I I-Mlul I 77^^hMpDT2 10M1 u I - 
Xba I77^^hS:pCL 1 9 2 5 OH inDI I I - Xb a I W&f£\Z-9 
p^y^fSi^tJ; <0 , pDT2 4lriiLfc 0 

dhaR N orfY, d h a T, orfX, or fW^dhaB (1 % 2, 3 
, X) OfcfegJi/jtyl^ii : 

pHK2 8-2 6©Sa c I-Ec oRI77^7yMpCLl 9 2 5©S 
a c I - E c oR I%m$ t lZ.ft7^tZ>Z.b\Z.&Y), pDT2 9£«i§bfc 0 
d h a R, o r f Y s orfX, or fWMd h a B ( 1 , 2, 3, X) (Dfc 
feOJMty hOfjflg : 

f d h a T©iH]0 5oMt©5o©n K> CRT*f£jt=i Ki/) ^^<i~-< 
t^^LTV^7°7^ 5 KpDT 2 9cDf|^#:^#^Lfc 0 p DT 2 9 
t LT1V\ KT©77^^^IV^2o©-^PCRltie^Lfc : 
IB^J#^§- : 4 3 = 5 ' GAC GCA ACA GTA TTC CGT CG 
C 3 ' ; 

IB^IJ#-^ : 4 4 = 5 ' AT G AG C TAT CGT AT G TTC CG 
C CAG GCA TTC TGA GTG TTA A C G 3 ' ; 
Umm^r : 4 5 = 5 ' GCC TGG CGG AAC ATA CGA TA 
G CTC ATA ATA T A C 3 ' ; 

m^m^r : 4 6 = 5 ' CGG GGC GCT GGG CCA GTA CT 
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G 3 ' 0 

[0 16 8] 

mtm^r : 4 5 £Ifi?iJ#-^ : 4 6 kttfc U 9 3 1bps E.O 5 ' dhaBl 
(a^-^Sc a iWift) N o r f Y©f^TMdhaT©S|](7)5o© 
=« KV^^tp^^r^-r^^^Jf^LfCo IB^IJ#^- : 4 3 £BB?iJ#-J§- : 4 4 
■t^jl-L, 1 3 4 8 bps lod h a T©tf©5o(Dn C&tNflt^ 
) , o r f XCD-T^T, o r f W(D~r^<XRU 5 ' d h a R (^--— ^ S a p I 

m±^~?) &^&mm%^~tz>mm$:mf&vfc 0 mm^-. 4 4 ©5' 

&rtz>o mm\^s ia^j#-^- : 45©5' ^si^tts 1 loisit, ia^j#-^- : 
4401 i^^o^g«iaM-efe5m^^«^-rs 0 ^< lt2ocd-#cp 

«t (extending) <DfH^— |f ^ U 2253bps <Z)H 3 tf^Sfc 

S^^r^LfCo r©f 3©PCRiti^S a p I^S c a I ^fflV^Tf^b 
. Sap I.&tJ*S c a I ^«^fepDT 2 7°^ 

^^K P KP32MU ^{idhaTrt!3lt5±#/j:ii!)#^ ( 
in-frame deletion) ^iV^tpDT 2 9 t lU C t? § 0 
[0 16 9] 

gjjjgL7 

E. =i UtKLP 2 3/pAH4 8/pDT29 £rffll^^/l^ — 
1, 3_^a^^>?^-— /l^cDiJfcik&XF 
KLP 2 3/pAH4 8/pKP3 2 SrJll^gfc&fe 

KL P 2 3/pAH4 8/pDT2 9MLP 2 3/pAH4 8/pKP3 
2&mmW^(DmM<Dfc&>K, 2 0 0mg/L©^;^>'!Jy (fcb<ttT^ 
fc°^y^) W5 0mg/L©^f/v^^tft5 2YTfi (10 
g/L ^-grttm^, 16g/L MJ/fyMl0g/L NaCl)tp-e 
iHI-J$*Lfc 0 KLP23/pAH48/pKP32il dhaT/iMU 
V^rt^^TKLP 2 3/pAH4 8/pDT29 £^C-C&5 0 
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[0170] 

2-LcDEr 1 enmeye r 7 =7^ =z fc&V^T 5 0 0 m L <£>i#3&fpT\ $C|£ 
(frozen stocks) (M^mMt U10 %DMS O) frt> 
m^&mt&V, 2 5 0 r pmlZ$otf&nWLM^-V3 5 0 Cic:^oV^-C, Jfcl . OAU 

mmmm 

»T©^Wf : 4 5 g KH2PO4. 1 2 g ^rc 

i2 g Mg so4 • 7H 2 o, 30 g rnmmm®). 2. o g ^:/st 

12^7^=^^, WJtlt©5mL Mazu DF204, 1. 2g 
C a C 1 2 • 2H 2 0^7. 3mL fift^t, 2 0-2 8%©NH 4 OH^fflV^ 
-CpH^6. 8^_Bt\ &,T<DJ$fr$:M7Lfc : 1 . 2g ^/W^-v^ !) ^ b < 
{ST^f^y >\ 0. 30 g ^-^^V^v^ 6 0mL©if^ti©i 
Ifc&t^/I^— * (6 0~6 7lt%ftM^t) 0 g«©f, ^{*6. 0 
L-t?fct9, ^ = -^iSltl0g/L-(?fcofc 0 «^#Jjt<D|«tt (g/L 
) : H2O (4. 0) , MnSO^ftO (3. 0) . NaCl (1 

. 0) , FeSO* ■ 7H2O (0. 10) , C o C 1 2 • 6 H2 O ( 0 . 10) , 
ZnSO* • 7H 2 0 (0. 10) „ CuS04 • 5H2O (0. 010) „ Hj B 
Os ( 0 . 0 10) RXfN a 2 M o CX • 2 H 2 O (0. 010) ^ bfc 0 

±m<omi&&m^x 1 5 l <dmw £ tiit mmw&mn u it a um&3 5 

°C-VUmV. T>-£~T7k (2 0-2 811%) ?:fflV^pHl:6. 8^f|®jb 

re (lftmtz. o^6~i 2mm v v h/wMfbmz-Wife) mimwm 

mm. (350~690r pm©f/httti© (cM-TSMttfi, OUR» 

140^ y^/L/htitf^iiiii (do) mm&ffli&£*iz>&?te.WL 

'hZftmM&fct, ^3^|i6 0%fcL<li6 7% (M) ttl&WI-^ffl^ 
TO g/L~ 1 0 g/Lfcl^Tfl^Sftfco TtB^fE-Tai "9 K tr * ^ ^B, 2 X 

KLP 2 3/pAH4 8/pDT2 9 ^rffiV^^^ : 



(93) #12 00 3-5 0 7 0 2 2 

E. 3!)tKLP2 3/pAH4 8/pDT2 9^^5^3-^©l, 3 

--fxi^tt—A' (i, 3-pd) —<Dm^:<Di^mm^mm(Dmm^m4K^ 

-To lf^5^Bi 2 (0. 0 7 5 g/L, 5 0 0mL) Sr. ^S^fc 3 ^fIB«^M 
^Ltl 6mL/h©iS«afc 0 1, 3 -7°t3/N^v ? ^--/K7)W«2 4 
11% O^^frfc^/I^ — Hfcfr) <7} 1 , 3 -Zfu^^i/^-— ;V(D g) "C 
68g/L©l, 3-7°^^^^— 7K©^7#j*S#e>^ 0 
[0171] 

[*5] 

Ml 

E.3y»KLP23/pAH48/pDT29^fflL>SrJW-Xa>1,3-7°OA'>y*-;Kl,3-PD)^a) 
$K&(Pft3EiafcfBB*tfrlfi£lllg 

BlItiKh) ODSSQ(AU) DO (%) ?m-U%/Vj 7'7-feP-JKg/L) l,3-PD(g/L) 



0 


0 


150 


12.9 


0.0 


0 


6 


17 


80 


8.3 


3.1 


1 


12 


42 


53 


2.8 


12.5 


9 


18 


98 


9 


5.7 


12.6 


32 


24 


136 


11 


32.8 


12.0 


51 


30 


148 


10 


12.3 


13.3 


62 


32 


152 


11 


12.5 


14.3 


65 


38 


159 


11 


1.5 


17.2 


68 



[0172] 

isgctr^^B^ mmm&m^\ ^m^mmmM^^mo^ (across) 

KLP23/pAH48/pKP3 2^i3&2%&MMM±^. : 

E. nyftKLP2 3/pAH4 8/pKP3 2lrffl^5^>3-X©l, 3 
-•fusOVlr—jv (l, 3-PD) — ©te#IOft*&fc*B*©*SI&£r"fe 5 
i-„ \f?%l/B a (0. 150g/L, 5 0 0mL) Sr. W&frb 3 B^W^M 
MtTl emL/htDlIt^Lfc 3 6hi, 2L©Bi^3^^ 

u ^/vn- ^^^w^oaBttwasjosrBriB^ufeo 1, 3-7*0^^^-/1/ 

©W2 6li% (i*§tlfc^n-^©g^t^l, 3-^d^^>?^- 
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— /W>g) 112g/L(Dl, 3-zfus<^i?*—sl'<Dj]ffitimbtl1t 

o 

[0173] 

[*6] 

E.3M*KLP23/pAH48/ P KP32£FB l^Ma-ZO 1 .3-;TD/\V>**HK1 ,3-PDys<7> 
lftlW(h) OD5S0(AU) DO(%) yfa-*(gfl.) 9''J*P-fKg r L) l,3-PP(g/L) 



0 


0 


148 


12.8 


0.0 


0 


6 


22 


84 


6.9 


3.3 


0 


12 


34 


90 


9.7 


10.4 


7 


18 


66 


43 


9.3 


5.9 


24 


24 


161 


9 


0.2 


2.5 


46 


30 


200 


10 


0.2 


6.0 


67 


36 


212 


10 


1.2 


9.7 


88 


42 


202 


2 


0.1 


15.5 


98 


48 


197 


12 


1.2 


23.8 


112 



[0 17 4] 

(Dtim-i 114 g/L-Cfcofc 0 
[0175] 

E. nijKLP2 3(OHlt^!) ^Bfe>f y^7 rrg^tt&Q&fi 

Puregene D N A Isolation Kit (Gentra S 
ystems, Minneapol i s , MN) ^^TE. =!)KLP23y 

y^DNA^ilLfco c d hM h y y >wt^c y— t? ( t p i a) 
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: 4 7R&m?m-%-: 4 8^V^KLP 2 3^V^DNA^bPCR ( 
Mull is and Faloona, Methods Enzymol. 1 
5 5, 335-350 (1987) ) \Z£ Q *S(6Uifco t p i A<£> 5 ' y 
i i Q&t^y i i Rjtfe^-cD5' 3fcffi&'£&1rZ> 1. Ok bODNA77^V 
h £r> 7°7-T ^— ga^J#-^ : 4 9 ,&1FWIJ#-^ : 5 0 £JBV\ KLP23^/A 
DNAi^PCRia flifMBLfco ^94 ^— IB^lJ#^§- : 4 9^|:|iSca I §15 

mmxisfitzo ^y^-^-mm^ ■. 49©5' 

U7£. 0 7 >7 7°x^^t>v'3 (Horton et a 1. , Bi 

o Techniques 8, 528-535 (1990)) tz: «fc 5 jfrfe^O 

: 4 7&UWJ#^- : 5 0 SrfflV^S P C «t «9 2. 0 k b©77^yb^i 
/&bfco ^077^>htt, 7 6 8 b p© t p i Aiillfel 1 © 7 3 %(7)^ 
£r^L7c 0 LTI©777* J- is hit t p i Art©) S c a I 

— ^^^{5L(7)MftlJ_h^ 1 . Ok b077^y^«fU ffiiW^it 

[0176] 

_hfScO^P?#^^b^tl,fc 2 . Okb0PCR77^Vb^ Zero Bl 
unt PCR Cloning Kit (Invitrogen, San D 
iego, CA) ^l^tpCR-B 1 un t^^-^i^n--y7'U ts 

->^t^if ^-i/^wmmfc^&^-T & 5 . 5 k b <d-?j ^5 kprni 

0 6-2^#fd 0 t7/-7P 1 1 oxP^t (Sna i th et 

al. , Gene 166, 173-174 (1995) ) 9 y=7^^ 

^^nfc^uv^y^^^—^-wmm^^^-r^pi^oxCa 1 1 (^ 

HO^) 7^*b©l. 2 k b©H i n c I I ^^^V>-h^fflV\ 7" 7* 5 Kp 
RN 10 6-2 ff 1 © t p i A!7^^V ^ h^T, -^tL&r S c a I -?^HbT°^ 5 K 
pRNl 0 6 - 2 ^5gf£-f 6 r ^i^lfrU 6. 8kb©777-;KpRN 
10 7-1 £r#fc 0 
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UpRN107-l ftfeWuT'^^^-fi^JSt : 4 7 2fc.t5K?U## 
: 5 0 t p i A7 7y^r^^i^U ! 1 o x P-CmR- 1 o x PTJi? 

yh^tt5 3. 2 k b -797* is h&PCRlttlU ^-ilULfc. Si^ 
■?l(ig©:03. 2kb©i^DNA77^yMrffl^TE. ^!JKLP2 
3^1MIWL, ^ n 7i^7x^n- /U-jfitt (12. 5 M g /m L) _§_o 
^Ji-^4^^-m^ (30 n /mL) -Cfc5ff«t»?rM 9 t^±fi± 
-?\ 1 mM^>n-7±|^lj-5^ofc^n-^fi(lStt, lmM^a 

±l^lt5i±KLP 2 3©^y -feo— ^-ft^^^lSrfllj&^feS^:*^* 6> 
fcl.x^y — =^^Lfc D l^<D*:<D£ote2Zj£mmfc. RJ8m^P)©^7AD 
NAOE c o R I tmbtt, Mmm(D t p i Aatte^/BV^, Wlsfttir (Sou 
thern, J.Mol. Biol. 98, 503-517 (1975)) £:7> 

uT»*-rsi:, zti&-m-&mm&&fc (t P iAite^-em) mri: 

£r^b, ^:;ftf3:^ n7A7x=3- /vifl4^fe^p^:iotf £ii#p<DE c o R I 
^(D#^<D*5^^f-C2 0(D^aiJ^tL5 6. 6kb,K.<^3. 0kb^VK«^ 
*L3 ofc 0 f±KLP2 3&t;f4-SFM5 tffiW, 

^fri^frimkCO 8 . 9kb^9. 4kb/^K*4tfc, r©tp iAfM 
Mf*^^^-r^— ia^J## : 5 1 &UW!j#-£§- : 52^fflV^^;APCRia 
5§fc^f U -^te^U^S 4. 6kb©PCR77^^hMi^ 
, RC77^-7-^:m f±KLP2 3Mf4-lFM5tti«Hf 
SiJ$^5 3. 9kb©PCR77^^h^Wc„ tpiA|i»RJ8 
mMitKLP 2 3^k<Z>M-|fflJ3&ttm4^^ SW^ U^UW^ft K 
3-!)^»ttp i AffittlCibti^S^ RJ8m©i#{CliW 
«^^tt^^ofc 0 7*^5 F p AH 4 8£rJlV^T t p i A^B^MPfR J 8 m 

5 KpAH48^pDT29tL<iipKP3 2 ^/lV^m«£Wi|tem b 

? a7A7x^3-;Httt- 7 -^ 7 -^ittR J 8 £r#fc 0 
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[0 17 7] 

mnm9 

E. 3!)ttRJ8/pAH48/pDT29^ffl^5 

mMM 7 Km^VtiMV , R J 8/pAH4 8/pDT2 J 8/pA 

H48/pKP3 2<£rBB#te^ra«Ofcfc^#-J#£Ufc 0 RJ8/ P AH 
48/pKP32ft, dh aT^tt^Sr^iV^RJ 8/pAH4 8 
/ P DT29 bmV-?tbZ> 0 

TJW«M (300~690r p mcDft/Jvfjt^fS:^) KlM^T 5 OU 

ris^6 o~ i o o ^ v *rfr/L/h\z.m^ttbt&Mwtm (do tuawm^ 

R J 8/p AH 4 8/pDT2 9 ^fflV^jgj^ : 

E. n!)tRJ8/pAH48/pDT2 9^^^n^(7)l ) 3-^ 
P/^v^f— /l- (1, 3-PD) — ©fet©{^Kl 6 ^^"To 

tf^^B^te, 2, 8RTJ?2 6 h^^:tt^tL2, 1 6S.tFl 6mg©^-7^ 
»^U-^ifc 0 1, 3-^n^y^-;WHX*f±3 5li% (if^tLfc 
— ^Og^fcD^l, 3 — ^n^yi?^ — ;V(D g ) K> , 50. lg/ 

l©i, 3-yvs<^i?$—/i-<njjmfrmbthfz. 0 

[0178] 

[*7] 
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E.H'Jl*RJ8/pAH48/ P DT29£ffl l\&7*/la-X<D1 ,3-7'OAV/t-JKl ,3-PD)^<7>tE&0> 
mmOi) OD550(AU) DO(%) ^^-X(g^L) g^tg-jKgflj U-PD(g/L) 



0 


0 


140 


10.6 


0.1 


0.0 


6 


5 


107 


11. 1 


0.5 


0.4 


10 


16 


90 


8.5 


1.7 


1.3 


14 


25 


86 


1.8 


2.4 


5.9 


19 


38 


53 


3.5 


5.9 


15.4 


25 


53 


38 


0.1 


9.2 


26.7 


31 


54 


10 


4.5 


7.4 


39.0 


37 


37 


23 


17.2 


6.0 


45.0 


43 


21 


13 


9.9 


7.7 


50.1 



[0179] 

R J 8/ p AH 4 8/pKP3 2 £/B^5gfe& ^nfcfggj : 

E. 3!)tRJ8/pAH48/pKP3 2^IV^^3^©i j 3 

n/N^^-zi^ (1, 3-PD) ^©^m«^W^^OW^r^7^^-r o 

Mt Lt^ifco 1, 3 -^a^^v?^— /K7>lWte3 4li% (f^^iLfc^ 
;V-3-^©g^fcD©l, 3-^13^°^^^-— /KZ)g) 1?fci9, 129g/L© 

[0180] 

[*8] 



(99) 



#S 2003-507022 



E.3'J^RJ8/pAH48/pKP32$ffl I ^%>>}' bl-ZW ,3-7 'OA>>* *-/Kl ,3-PD)^0> 

mmpi) odsso(au) do(%) rua-MefL) rwu-M&L) u-ppcg/p 



0 


0 


150 


12.6 


0.1 


0 


6 


12 


113 


6.0 


2.6 


0 


12 


24 


99 


0.0 


10.6 


0 


18 


51 


76 


2.4 


28.9 


0 


24 


78 


82 


2.4 


44.2 


5 


30 


114 


70 


3.8 


26.9 


33 


36 


111 


72 


0.0 


20.0 


57 


42 


139 


65 


0.1 


21.9 


69 


48 


157 


36 


0.1 


22.4 


79 


55 


158 


25 


0.2 


21.4 


94 


64 


169 


14 


0.1 


15.8 


113 


72 


169 


12 


0.1 


13.4 


119 


74 


162 


14 


0.1 


14.8 


129 



[0181] 

MMM l o 

e. ^ v w-iwmmmm^vk (yghD) gmfe 

K (3 -HP A) ©4i©|!l#-#IMffitt^E. 3i)cfJt#4f5^ N 

— /^-^H^^ H\ ^ftlp AH4 3 2lrMt5»iE 

Ltf^5VBi2 W^FSTtM £ -fr7c 0 9 is 9 1Mb 1 0 OcDODsso f^Lfcfe 
tr^^^Bu^f— 7^ (48mg) &Jj[\z_Kl 0 tr^^B* ©SfeDPOE8aXt52 



(100) «j#*2 0 0 3-5 0 7 0 2 2 

^?l"<?'R'&f&&1$\f Zltlbfc 1 5 0 /x g/mL©^n7A7x-3^t 

/«»JS^ (10g/L ^3-7, lOg/L ^y-fen- 

/K lmg/L iiiBi 2 ^1 5 0/z g/mL 7P7^7x = n-;^ 
^-f-5PBSS»lt) ^ttt5 2 5 0mL^7/H'77^3 (baffle 
d flasks) \zMtL1Zo 3teJ&*£>fi^$*l/fc:7 7*=*<£:3 5tt'2 5 0 r p 
m^*5V^-rMM$*7t Q 0tP^(7)Sii^^/u-eHP LC^ff^fc^OTy 

t57773^^ 3-HPAO^-^#^H^||^$tlfc 0 3; £ KL*j-figl$ 

^V^T, tf/iW/Wl, 3 -7n/^7t- /V^^^^tLTto 

7^f£<^7W§ttlfe-feT (native gel activity s 

tain assay) 3rj!lV\ it-Mttffl^^tf 5 # - 

^^^^-^^-—71/-^^^^^$ K\ ti pAH48Xt;pKP32 

WW?£? • — ^t^T^- 1 , 3 -7°n/N"y^t-^f t Ko^f- 

if ( d h a T) (D^;^I^^»2p^^tt^Jlfi7K y T ^ y /V7 5 R^vM-at 
fflU : £(D±X»&W}£ltfc (run out) 0 ^-C^Vl^Xlf 1 , 3-^n 
^7^-/^NAD*Xttx^/- /^NAD'till^ ^SIU, 1, 3 
-7n/-?y^- /i^^fC^fc^/fVM^v^Tte, Dh aT^it5gttM5 
-?:^l{'±7|5:^tt / ^/V'_h^r^xl 3 4 0 K d a 1 (^doV^T^Sj U7c 0 r?>?£'|4 
fi*ffi#7fe^ • =^-^-7x l , 3 -7n/Ny^/l/ft Kn^f 

-^timmzthf-u—^cD^-emmztitio mmm^ 1, 3-^0^^^— 

a 1 ^^VN-r#-#MW^Stt^ti^$ttfci 0 Sft UT^/-/l^JSv^ 
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fhht, D h a T/^ Kt^-#lK)Wtt/^ KtEif, If* 5 VB« ^ 
*PC^BuS.t5#^^J 1 2 0 K d a 1 {^V^SLltfV^ K^BV>f£$ttfc 0 nCDffb 

[0 18 2] 

/kTs/t^ii, S'tt^iS< , E. y {CM Lt+^i-#ttft^Mof^t©4 

ir-HL ft Ko^t-if^l, 3 -^b/^^ /!✓ attffiCT^n- /v) 
7n-; Kfe| (MTT\ 3- [4, 5 ->M f/Vf7/-;V- 2 --f/Kl -2, 

l«t5o r5/t^0l*©«>Johnson and Lin (J. 
Bacteriol. 169:2050 (198 7)) ^ fEifc^tbTV^o 

»J7©KLP 23/pAH48/pKP3 2 3:fflV^afc&8rCfa*Ufcjfe 

#mWM^tt^^m^^«3»M^Tofc 0 Wfi^l/yb (16g) 

U 2 0mL 50mM Hepeslit pH7. 5 *P\C 3 mUMM^^fc 

a &&&m\z.£Qmsimq*<Dmjfo&9'(isx£i£ttLo m>i- (15^ 20, 00 
o xg , io°o i^j: vm-mm&mm&m, *±-ea#u^f)2 5 0mgo 

4>(2 0£\ 2 0, 0 0 0 xg. lOt) laotifciS^, Hepes 
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ffltm&m^XWiSikZtlltSu perdex R 20 0 ftMmiBk* ? J* (6x6 
Ocm) ^iiifi$*5r.i:H:«tt)^SUUyto lOmL^oci^ift, -ttt-? 
tLOT y o, 00 OMW* b?t7C entrico n* ffig&JBV^-C 

7-112 ^'^Bv^T#-#m^w^tt^[^^$^ mft 108-109 ^*sv> 

Tt°-^W^£$lifCo B^10 8Rt510 9Otot^ftr!J3-h ( 
7mL<5o) £ 5 0^© 1 KjftlfU 1 2-1 — ^(DM&i&.'F/Wi'^XiDl'— 

0. 5mL0 2D-MI»», 9 5°Ct 5^Wi)0iU MLT^> 
t^^tSriti^ W^tt^^^JC^ttffiLfc 0 Swi s s 2Df 

— — ^ (h t t p : / ,/www. expasy. ch/ch2d/; Ton 
ella et a 1 . Electrophoresis 19:1960 — 1 
9 7 1 (1 9 9 8) ) }£:}o^TE. =t U ttW#J<7) 2 D - P AG E <Dltlb\ZtiM& 

tixh^^w^mv\ 2 -ykjt-tf vt?v jvt % v / f/^m>MM.W) (2d-pag 
e) ofcmz^ ±m^&mnj&m$sfo.W} (ief) ^hyy^±tMLfe 0 

Colloidal blue) ^M^V^I^^W^f fCiltM 

— KLfc 0 ^^5/ h A (06) <D 1 91?--f ^/Wi. FASTAgfi (sear 
ch tool) ^«t9, JtSt^Ki/^^-tfffitSrttSE. ^y©i 
St»9#-T?$>5y q hD©7^ -5fdtt£ 1 0 0%<E>|^— f£jg-£- ( i d e n t i t 
y match) &^x.tc 0 y q hDti 9 K§tl5^y/^f 

7^ia^J^IE?lJ#^- : 5 7 id^U ; 5 D N Affi^lJ £tK£IJ#-^- : 5 8 
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— if 2T'fc5^n^^y WJ^tpvmfc^a dhBlU 0%<Dm— 
E. 3jJKLP2 3^yqhD(OlCTj : 

^O^fg^rWjtfH^M^W^-^r-^ K^^- if£=i — Kb, d h a TifrfS 

7/1^3^ft Kn^t- £<£>#ffc (signature) ^Mt5 0 
[0183] 

^(Dmte^-&%fcM-tZ>fcib\<l^ yqhD/if>m:8 3 0 bp©5' 
y^DNAE?lJM9 0 6 bp©3' -y^^y^DNAffi^lJ^E. =>!JKL 
P2 3 (HJfe^|4) yyADNA^b> Ta q^M7^MW7^fv 
— ^J!3^3 P CRJ;i:}oi^Ti#ii>§bfc : 

(IB^lJ#-i§- : 5 9) 5' -GCGGTACCGTTGCTCGACGCTCAG 
GTTTTCGG- 3 ' 

(IB^J#-^ : 6 0 ) 5' — GCGAGCTCGACGCTTGCCCTGATC 
GAGTTTTGC— 3 ' 

Si^Sr 9 4 °C^r 1 frm, 5 0 °CT? 1 frMRXf- 7 2 0 Ce 3 5>W, 35f^f^ /H? 
V\ iV^7 2tt*5m S^#ft^ffofc 0 #bfL6 3. 7Kb ODNA 
77^yh^«lU SaclMKpnI«U «ift$tlfcpB 
luescriptll KS ( + ) (Strategene) tl 6 0 C"e 1 6 
haUfSUfco ig|££*l,fcDNA£:ffl^-CE. 3i)DH5a (Gibco/BRL 
) IriWL, X- g a 1 (4 0 a g/mL) ^I/T^t^y V ( 1 0 0 fi g 
/mL) $:Mt5LB*^ (D i f c o) i:"? Sl^n ~—^^7&W&$k 
mmfrhMWZfrlZT'?** h\ p J S P 2 9 ^Slbfc. 777> Kp JSP 
2 9 £A fill RU^N d e I T^bU 3 6 3 bp©yqh Datte^&tM 6 
bp©3' -^^^^^^DNAlE^IJ^-g"tf4 0 9 b p©DNA77^ V h £ 
3tSt£*fc 0 15 5, 3 5 0 b pODNA77^7^ h^ttSL, pLoxKa 
n2 (Genencor International, Palo Alto, 
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CA) fab<D%-}-^4 1, 3 7 4 bp©Af 1 I 1/ 

Nd e I DNA77^V ^ 1 6°CT1 6 hig^bfco ig^HfcDN A£ 
ffi^TE. 3!)DH5aMilU (50ftg/mL) 

SP32-Blue Sr¥-ilbfc 0 $ KpJSP32-Blue £rKp n I 

MSac I«U 3, 8 6 5 b p CD y q hDM^tj/ h^ilU mm 
\Z.mit^fhf^ pGP704 (Miller and Mekalanos, J. 
Bacteriol. 170:2575-2583 (1 9 8 8) ) tl6 <CV 1 
6 hiSlgb/Co atJlt^tl/feDNASrfflV^E. = U S Y 3 2 7 (Miller 
and Mekalanos, J. Bacteriol. 170:2575 — 2 
5 8 3 (1 9 8 8) ) SrfffelL, (5 0 M g/mL) 

^hBm^mm±^mn^nt'nmmwmm^hmn^t^^y'^^^ h\ P js 

P 3 2 ^^HLfc 0 7"7^^ Kp J S P 3 2 SrE. 3)JKLP23 ^fc^Kfegl 
U if^»^*tv^v/y (5 0Mg/mL) mt5LB^±-Cl 

^Lfc 0 -^^$nfc2 o o v'y-ftttiiMi©^ t 

[0 18 4] 

^IftfiEbfc : 

i«a : 

(IB^IJ#-^:6 1) 5' — GCGAGCTCGACGCTTGCCCTGATC 
GAGTTTTGC- 3 ' 

m^m^r : 6 2 ) 5' - C AG C T G G C A AT T C C G G T T C G - 3 ' 
2ffi. : 

(IB^IJ#-^-:63) 5' — CCCAGCTGGCAATTCCGGTTCGCT 
TGCTGT- 3 ' 

(IS^IJ^^- : 6 4 ) 5' — GGCGACCCGACGCTCCAGACGGAA 
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GCTGGT — 3 ' 
3 |a : 

: 6 5 ) 
GAAGGG- 3 ' 

mmm* -.6 6) 

GGA- 3 ' 
4,m : 

m?m3§r : 6 7 ) 
GCAC AC- 3 ' 

(Wmm^r : 6 8 ) 
GGCGGC- 3 ' 

Jxj'St'iE xpand High Fidelity Polymerase ( 
Boehringer Manheim) X5iT a qtfV ^ 9 —if 'ST^Tf- S P 
latinum PCR Supermix (Gibco/BRL) £rfflV^T 

, 9 4 °c-e i 5 o °c-e i frfflRx* 7 2 °c-e 2 3 /Htv \ fft 

V^T 7 2°Cl?5^P^S^-W#S^r ; ff ofc 0 f ^SPCRlfe^l. 0% (w/ 
[0 18 5] 

[159] 



MS 





^iM£*i£»Mx*(bp) 






yq hDm±-m 


i 


1,200 




-iaoo 


2 


1,266 




-1,266 


3 


2,594 




-2,594 


4 




1,189 


-900 



5' — CCGCAAGATTCACGGATGCATCGT 

5' — CGCCTTCTTGACGAGTTCTGAGCG 

5' -GGAATTC ATGAAC AACTTTAATCT 

5' -GTTTGAGGCGT A A A A AG C T T AG C G 



[0186] 



(106) #«2 0 0 3-5 0 7 0 2 2 

yqhDUlt 4 6 b p <D 3 ' - 7 y ^^mfc^mr) N Aga^JSr^tf y 
q hD©3' 7fc$5£^£*5o ^C3fer±l 2 lr^yti^tS 3 6 3 bp© 
3 ' y q hD=i- KBE^JSr^-f-S,, #lk=J H>tt, S^jljjftffetfir y b 

4>©« ^(DyqhDn- KIBM© 1 5 b p 6 „ 

[0187] 

7°^^ 5 K p A H 4 8Si;pKP3 2^E. ^yKLP2 3 (yqhD) tp 

10 0u/mL) ^^^fyv^v'y (50yg/mL) ^ft^LB 
*?c_hT*31^Ufc 0 {«W^«femm^r, ^B 12 tf>#£Tt> L< te^F 

Sfe© i o l^sp^^-c^/i^— 1 , s-^n^y^/H^lt 

5 » fg^j H L Tff-<fc 0 

E. 3!)ftKLP2 3/pAH4 8/pKP3 2i^lf5fi?'j:l, 3-^0^ 

1 , 3 -/P^y^/^^tDy q h Dgt^CDl^iM^M Lti^S fc#>Kl 
, E. 3j)fKLP23 (yqhD ) / p AH 4 8 / p K P 3 2 trffl V\ #S£ 

[0 18 8] 

y?TV K E. aUtKLP23 (yqhD ) / 
pAH4 8/pKP3 2^fflV^5Wl0-L»i9(^to ODsso ifi 
3 0 K*m%-tz.mz. (10. 4h) t^5^B 12 Sr^JP-rS^-C. Mj^^L 
T»#L£:t^ y -fe n -;v^J#i$itfc 0 tf^5 VBb Sri 0. 4hl:8mg© 
aK— ^^^Pi: LT4i, -?rO^ y+9 ^ ^B 12 £■ 1 . 3 2 m h / h <£>3££"?jitt 
m^W^VfCo Biz «PHt<4h|^rtt, *m»3&S3B< ft*) , 

^^--/vo^i^^^tff* 0 . 4i g /LT?fcofc 0 r^t°^y ^rxpx^?^; 

W bTfS-</c 0 W£r 3 0°C<ZM y^ra^- ^ — «p-C2 4 h-f 
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^Lfc 0 E. 3DKLP23 (yqhD ) /pAH48/pK 

[0 18 9] 

»2fct5^y-fen— /vSr^CJKltfe (iio) „ ^©»#<D*Hl3ii3tt55lWJa!K» 
[0 19 0] 

[Jfio] 



m 

E.3'jt^KLP23(yqhD-)/pAH48/pKP32^ffl \,*&M,1-Z0) 1 ,3-7'0/\»'#-M1 ,3-PD)^05 





OD 550 (AU) 


DO (%) 






l,3-PD{g/L) 


0 


0.4 


150 


11.3 


0.05 


0 


2.3 


3.0 


t34 


10.7 


0.13 


0 


4.3 


10.8 


85.0 


8.2 


1.41 


0 


8.3 


23.1 


81.8 


0.9 


10.0 


0 


16.3 


37.2 


149 


13.1 


21.4 


0.41 


18.3 


47.6 


149 


18.9 


21.6 


0.39 


20.3 ! 


39.6 


149 


24.4 


22.3 


0.42 


23.8 


33.6 


149 


25.4 


22.0 


0.41 



[0191] 

mm 
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E.□»i^*KLP23(yqhD-)/pAH48/pKP32^fflt^i>^3-X<D^';■bP-/^^^D 





OD 550 (AU) 


DO (%) 






0 


0.2 


148 


9.5 


0.06 


2.2 


2.8 


128 i 


8.9 


0.13 


4.2 


10.4 


58.5 


7.0 


1.4 


8.2 


21.6 


57.6 


2.7 


11.2 


16.2 


76.8 


10.7 


0 


40.5 


20.2 


117 


10.2 


0 


52.9 


23.7 


154 


8.5 


0 


63.9 


36.2 


239 


10.1 


0.1 


122 



[0 19 2] 

mi 2] 



t*$5>Bi2(7>^ST&t/#^TfCfct%TE.3«J#KLP23(yqhD-)/pAH48/ 







OD550 (AU) 


^#*0>Kcfu/mL) 




36.2 


239 


2.1E11 


fey 


23.8 


33.6 


0 


fey 


23.8 


41.2 


0 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 



(PCT Rule !3*£f) 


A. The indications made below rciaie to the microorgani. 


mi referred lo in the description 


onpage 12 


18 - 


R, IDENTIFICATION OF DEPOSIT 


Further deposits are identified on an additional sheet | J 


Name of depositary institution 




AMERICAN TYPE CULTURE COLLECTION 





Address of depositary institution (including postal code and country) 

10801 University Blvd. 
Manassas* Virginia 20110-2209 
USA 



Date of deposit 


Accession Number 




18 April 1995 


ATCC 69789 





C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet □ 



In respect: of those designations in which a European patent is? sought, 
a sample of the deposited microorganism will be made available until 
the publication of the mention of the grant of the European patent or 
until the date on which the application has been refused or withdrawn 
or is deemed to be withdrawn, only by the issue of such a sample to an 
expert nominated by the person requesting the sample* (Rule 28(4) EPC) 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE fjfthc indications or* not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (spec&d* general nature of the otdkationseg* 
Number of Deposit J 



For receiving Office use only 



f"| This Sheet was received with the international application 



Authorized officer 



For international Bureau use only 



| | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/KO/134 (July 1992) 

[0 19 4] 
[*14] 



2003-507022 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCTRule 1 3 bis) 

A. The indications made below relate to the microorganism referred to in the description 

on page 12 ,Kne 22 

8. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet [""] 

Name of depositary institution 
AMERICAN TYPE CULTURE COLLECTION 



Address of depositary institution (including postal code and country} 

10801 University Blvd. 
Manassas, Virginia 20110-2209 
USA 



Date of deposit 


Accession Number 




18 April 1995 


AXCC 69790 




C. ADDITIONAL INDICATIONS fteov* blank if not appUcabh 


t) This information is continued on an addit 


tonal sheet Q 



In respect of those designations in which a European patent is sought, 
a sample of the deposited microorganism will be made available until 
the publication of the mention of the grant of the European patent or 
until the date on which the application has been refused or withdrawn 
or is deemed to be withdrawn, only by the issue of such a sample to an 
expert nominated by the person requesting the sample. (Rule 28(4) EPC) 



D, DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 




For receiving Office use only 



( | This sheet was received with the international application 



Authorized officer 



For International Bureau use only 
j | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 

[0 19 5] 
[*1 5] 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT RutelJors) 



A The indications made below relate to the microorganism referred to in the description 

-fir 12 Jine _30_ - __ 


& IDENTIFICATION OF DEPOSIT 




Further deposits are identified on an additional sheet 1 | 


Name of depositary institution 
AMERICAN TYPE CULTURE COLLECTION 


Address of depositary institution ftnciizding postal code and country) 




10801 University Blvd. 
Kanassas, Virginia 20110-2209 
USA 






Date of deposit 

25 November 1997 


Accession Number 

ATCC 98597 


O ADDITIONAL INDICATIONS (leave Monk if not applicable) 


This information is continued on an additional sheet f~1 


In respect of those designations in which a European patent is sought, 
a sample of the deposited microorganism will be made available until 
the publication of the mention of the grant of the European patent or 
until the date on which the application has been refused or withdrawn 
or is deemed to be withdrawn, only by the issue of such a sample to an 
expert nominated by the person requesting the sample* {Rule 28(A) EPC) 


D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indication* are not for «U designated States) 




C SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 


The indications listed below will be submitted to the International 1 
Number of Deposit? 




reau later (spcc& the general nature of the indications e^ 'Accession 


[""I This sheet was received with the international application 




| | This sheet was received by the international Bureau on: 


Authorized officer 




Authorized officer 



Form PCT/ROI 3-1 (July 1992) 



[0 19 6] 
1*1 6] 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCTRul* llbis) 



A. The indications made below relate to Ihe mtcroorganis 


m referred to in the description 


on page 12 • tmc 


2? 


B. IDENTIFICATION OF DEPOSIT 


Further deposits are identified on an additional sheet Q 


Name of depositary institution 




AMERICAN TYPE CULTURE COLLECTION 





Addreu of depositary institution (including pestat code and country) 

10801 University Blvd. 
Manassas, Virginia 20110-2209 
USA 



Date of deposit 


Accession Number 






25 November 1997 


ATCC 98598 






C. ADDITIONAL INDICATIONS (leave blank if not uppticabU 


t) This informatioo is conti 


nucd cm an addit 


ional sheet Q 



In respect of those designations in which a European patent is sought, 
a sample of the deposited microorganism will be made available until 
the publication of the mention of the grant of the European patent or 
until the date on which the application has been refused or withdrawn 
or. is deemed to be withdrawn » only by the issue of such a sample to an 
expert nominated by the person requesting the sample* (Rule 28 (4> EPC) 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE {if the indication* art not far <*H designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specify the general n 
Nwbercf Deposit"} 



e of the indications e.g . "Accession 



For receiving Office use only 



| ] This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



Q This sheet was received by the International Bureau on: 



Authorized officer 



orm PCT/RO/134 (July 1992) 
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SEQUENCE LISTING 
<110> E»I. du Pont de Nemours and Company 

<120> Improved Process for the Biological Production of 1, 3- Propanediol 
with High Titer 

<130> BC1020 PCT 

<140> 
<141> 

<150> 60/149,534 
<151> 1999-08-08 

<160> 68 

<170> Microsoft Office 97 

<210> 1 
<211> 12145 
<212> DNA 

<213> Klebsiella pneumoniae 
<400> 1 

gtcgaccacc acggtggtga ctttaatgcc gctctcatgc agcagctcgg tggcggtctc 60 

aaaattcagg atgtcgccgg tatagttttt gataatcagc aagacgcctt cgccgccgtc 120 

aatttgcatc gcgcattcaa acattttgtc cggcgtcggc gaggtgaata tttcccccgg 180 

acaggcgccg gagagcatgc cctggccgat atagccgcag tgcatcggtt catgtccgct 240 

gccgccgccg gagagcaggg ccaccttgcc agccaccggc gcgtcggtgc gggtcacata 30Q 

cagcgggtcc tgatgcaggg tcagctgcgg atgggcttta gccagcccct gtaattgttc 360 

attcagtaca tcttcaacac ggttaatcag ctttttcatt attcagtgct ccgttggaga 420 

aggttcgatg ccgcctctct gctggcggag gcggtcatcg cgtaggggta tcgtctgacg 480 

gtggagcgtg cctggcgata tgatgattct ggctgagcgg acgaaaaaaa gaatgccccg 54 0 

acgatcgggt ttcattacga aacattgctt cctgattttg tttctttatg gaacgttttt 600 

gctgaggata tggtgaaaat gcgagctggc gcgctttttt tcttctgcca taagcggcgg 660 

tcaggatagc cggcgaagcg ggtgggaaaa aattttttgc tgattttctg ccgactgcgg 720 

gagaaaaggc ggtcaaacac ggaggattgt aagggcatta tgcggcaaag gagcggatcg 780 

ggatcgcaat cctgacagag actagggttt tttgttccaa tatggaacgt aaaaaattaa 84 0 

cctgtgtttc atatcagaac aaaaaggcga aagatttttt tgttccctgc cggccctaca 900 

gtgatcgcac tgctccggta cgctccgttc aggccgcgct tcactggccg gcgcggataa 960 

cgccagggct catcatgtct acatgcgcac ttatttgagg gtgaaaggaa tgctaaaagt 1020 

tattcaatct ccagccaaat atcttcaggg tcctgatgct gctgttctgt tcggtcaata 1080 

tgccaaaaac ctggcggaga gcttcttcgt catcgctgac gatttcgtaa tgaagctggc 1140 

gggagagaaa gtggtgaatg gcctgcagag ccacgatatt cgctgccatg cggaacggtt 12 00 

taacggcgaa tgcagccatg cggaaatcaa ccgtctgatg gcgattttgc aaaaacaggg 1260 

ctgccgcggc gtggtcggga tcggcggtgg taaaaccctc gataccgcga aggcgatcgg 1320 

ttactaccag aagctgccgg tggtggtgat cccgaccatc gcctcgaccg atgcgccaac 1380 

cagcgcgctg tcggtgatct acaccgaagc gggcgagttt gaagagtatc tgatctatcc 1440 

gaaaaacccg gatatggtgg tgatggacac ggcgattatc gccaaagcgc cggtacgcct 1500 

gctggtctcc ggcatgggcg atgcgctctc cacctggttc gaggccaaag cttgctacga 1560 

tgcgcgcgcc accagcatgg ccggaggaca gtccaccgag gcggcgctga gcctcgcccg 1620 

cctgtgctat gatacgctgc tggcggaggg cgaaaaggcc cgtctggcgg cgcaggccgg 168 0 

ggtagtgacc gaagcgctgg agcgcatcat cgaggcgaac acttacctca gcggcattgg 17 4 0 

ctttgaaagc agtggcctgg ccgctgccca tgcaatccac aacggtttca ccattcttga 1800 

agagtgccat cacctgtatc acggtgagaa agtggccttc ggtaccctgg cgcagctggt 1860 

gctgcagaac agcccgatgg acgagattga aacggtgcag ggcttctgcc agcgcgtcgg 1920 

cctgccggtg acgctcgcgc agatgggcgt caaagagggg atcgacgaga aaatcgccgc 1980 

ggtggcgaaa gctacctgcg cggaagggga aaccatccat aatatgccgt ttgcggtgac 204 0 

cccggagagc gtccatgccg ctatcctcac cgccgatctg ttaggccagc agtggctggc 2100 

gcgttaattc gcggtggcta aaccgctggc ccaggtcagc ggtttttctt tctcccctcc 2160 

ggcagtcgct gccggagggg ttctctatgg tacaacgcgg aaaaggatat gactgttcag 2220 

actcaggata ccgggaaggc ggtctcttcc gtcattgccc agtcatggca ccgctgcagc 2280 

aagtttatgc agcgcgaaac ctggcaaacg ccgcaccagg cccagggcct gaccttcgac 2340 
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tccatctgtc ggcgtaaaac cgcgctgctc accatcggcc aggcggcgct ggaagacgcc 2400 

tgggagttta tggacggccg cccctgcgcg ctgtttattc ttgatgagtc cgcctgcatc 24 60 

ctgagccgtt gcggcgagcc gcaaaccctg gcccagctgg ctgccctggg atttcgcgac 2520 

ggcagctatt gtgcggagag cattatcggc acctgcgcgc tgtcgctggc cgcgatgcag 2580 

ggccagccga tcaacaccgc cggcgatcgg cattttaagc aggcgctaca gccatggagt 2640 

ttttgctcga cgccggtgtt tgataaccac gggcggctgt tcggctctat ctcgctttgc 2700 

tgtctggtcg agcaccagtc cagcgccgac ctctccctga cgctggccat cgcccgcgag 27 60 

gtgggtaact ccctgcttac cgacagcctg ctggcggaat ccaaccgtca cctcaatcag 2820 

atgtacggcc tgctggagag catggacgat ggggtgatgg cgtggaacga acagggcgtg 2880 

ctgcagtttc tcaatgttca ggcggcgaga ctgctgcatc ttgatgctca ggccagccag 2940 

gggaaaaata tcgccgatct ggtgaccctc ccggcgctgc tgcgccgcgc catcaaacac 3000 

gcccgcggcc tgaatcacgt cgaagtcacc tttgaaagtc agcatcagtt tgtcgatgcg 3060 

gtgatcacct taaaaccgat tgtcgaggcg caaggcaaca gttttattct gctgctgcat 3120 

ccggtggagc agatgcggca gctgatgacc agccagctcg gtaaagtcag ccacaccttt 3180 

gagcagatgt ctgccgacga tccggaaacc cgacgcctga tccactttgg ccgccaggcg 3240 

gcgcgcggcg gcttcccggt gctactgtgc ggcgaagagg gggtcgggaa agagctgctg 3300 

agccaggcta ttcacaatga aagcgaacgg gcgggcggcc cctacatctc cgtcaactgc 3360 

cagctatatg ccgacagcgt gctgggccag gactttatgg gcagcgcccc taccgacgat 3420 

gaaaatggtc gcctgagccg ccttgagctg gccaacggcg gcaccctgtt tctggaaaag 3480 

atcgagtatc tggcgccgga gctgcagtcg gctctgctgc aggtgattaa gcagggcgtg 354 0 

ctcacccgcc tcgacgcccg gcgcctgatc ccggtggatg tgaaggtgat tgccaccacc 3600 

accgtcgatc tggccaatct ggtggaacag aaccgcttta gccgccagct gtactatgcg 3660 

ctgcactcct ttgagatcgt catcccgccg ctgcgcgccc gacgcaacag tattccgtcg 3720 

ctggtgcata accggttgaa gagcctggag aagcgtttct cttcgcgact gaaagtggac 37 80 

gatgacgcgc tggcacagct ggtggcctac tcgtggccgg ggaatgattt tgagctcaac 3840 

agcgtcattg agaatatcgc catcagcagc gacaacggcc acattcgcct gagtaatctg 3900 

ccggaatatc tcttttccga gcggccgggc ggggatagcg cgtcatcgct gctgccggcc 3960 

agcctgactt ttagcgccat cgaaaaggaa gctattattc acgccgcccg ggtgaccagc 4020 

gggcgggtgc aggagatgtc gcagctgctc aatatcggcc gcaccaccct gtggcgcaaa 4080 

atgaagcagt acgatattga cgccagccag ttcaagcgca agcatcaggc ctagtctctt 414 0 

cgattcgcgc catggagaac agggcatccg acaggcgatt gctgtagcgt titgagcgcgt 4200 

cgcgcagcgg atgcgcgcgg tccatggccg tcagcaggcg ttcgagccga cgggactggg 4260 

tgcgcgccac gtgcagctgg gcagaggcga gattcctccc cgggatcacg aactgtttta 4320 

acgggccgct ctcggccata ttgcggtcga taagccgctc cagggcggtg atctcctctt 4380 

cgccgatcgt ctggctcagg cgggtcaggc cccgcgcatc gctggccagt tcagccccca 4440 

gcacgaacag cgtctgctga atatggtgca ggctttcccg cagcccggcg tcgcgggtcg 4500 

tggcgtagca gacgcccagc tgggatatca gttcatcgac ggtgccgtag gcctcgacgc 4560 

gaatatggtc tttctcgatg cggctgccgc cgtacagggc ggtggtgcct ttatccccgg 4 620 

tgcgggtata gatacgatac attcagtttc tctcacttaa cggcaggact ttaaccagct 4 680 

gcccggcgtt ggcgccgagc gtacgcagtt gatcgtcgct atcggtgacg tgtccggtag 4740 

ccagcggcgc gtccgccggc agctgggcat gagtgagggc tatctcgccg gacgcgctga 4 800 

gcccgatacc cacccgcagg ggcgagcttc tggccgccag ggcgcccagc gcagcggcgt 4 8 60 

caccgcctcc gtcataggtt atggtctggc aggggacccc ctgctcctcc agcccccagc 4920 

acagctcatt gatggcgccg gcatggt.gcc cgcgcggatc gtaaaacagg cgtacgcctg 4 980 

gcggtgaaag cgacatgacg gtcccctcgt taacactcag aatgcctggc ggaaaatcgc 504 0 

ggcaatctcc tgctcgttgc ctttacgcgg gttcgagaac gcattgccgt cttttagagc 5100 

catctccgcc atgtagggga agtcggcctc ttttaccccc agatcgcgca gatgctgcgg 5160 

aataccgata tccatcgaca gacgcgtgat agcggcgatg gctttttccg ccgcgtcgag 5220 

agtggacagt ccggtgatat tttcgcccat. cagttcagcg atatcggcga atttctccgg 5280 

gttggcgatc aggttgtagc gcgccacatg cggcagcagg acagcgttgg ccacgccgtg 5340 

cggcatgtcg tacaggccgc ccagctggtg cgccatggcg tgcacgtagc cgaggttggc 54 00 

gttattgaaa gccatcccgg ccagcagaga agcataggcc atgttttccc gcgcctgcag 54 60 

attgctgccg agggccacgg cctggcgcag gttgcgggcg atgaggcgga tcgcctgcat 5520 

ggcggcggcg tccgtcaccg ggttagcgtc tttggagata taggcctcta cggcgtgggt 5580 
cagggcatcc atcccggtcg ccgcggtcag ggcggccggt ttaccgatca tcagcagtgg 5640 

atcgttgata gagaccgacg gcagtttgcg ccagctgacg atcacaaact tcactttggt 57 00 

ttcggtgttg gtcaggacgc agtggcgggt gacctcgctg gcggtgccgg cggtggtatt 57 60 
gaccgcgacg ataggcggca gcgggttggt cagggtctcg attccggcat actggtacag 5820 
atcgccctca tgggtggcgg cgatgccgat gccttfcgccg caatcgtgcg ggctgccgcc 5880 
gcccacggtg acgatgatgt cgcactgttc gcggcgaaac acggcgaggc cgtcgcgcac 594 0 
gttggtgtct ttcgggttcg gctcgacgcc gtcaaagatc gccacctcga tcccggcctc 6000 
ccgcagataa tgcagggttt tgtccaccgc gccatcttta attgcccgca ggcctttgtc 6060 
ggtgaccagc agggcttttt tcccccccag cagctggcag cgttcgccga ctacggaaat 6120 
ggcgttgggg ccaaaaaagt taacgtttgg caccagataa tcaaacatac gatagctcat 6180 
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aatatacctt 
taattgatcc 
aaaaataact 
accgtacaga 
gctgcaggcg 
catccgctgg 
gttgatctca 
gattgtctga 
gcgaatagtc 
ttt-tgtcagc 
gaaaaacgta 
tttttatttt 
caaattgaaa 
tgccggtaat 
ttcacctttt 
gccccgtcaa 
acagcccctt 
acggcaaacg 
acgttgagcg 
tggatattca 
aagcggtcga 
tgcgtgcccg 
tgcagattgc 
cggtcggtat 
gcggccgccc 
gcatgcgtgg 
ttaccgacgg 
gcgggttgaa 
agagcaagtc 
ttcagggact 
gcattcgggc 
ccgccaacga 
agatgctgcc 
acatgttcgc 
gtgacctgat 
gccagaaagc 
ccgacgagga 
acgtggtgga 
atattgtcgg 
tgctgcgcca 
tcgaggtggt 
gcatctctgc 
ccattgaata 
tgaaaacccg 
gcgtcggccc 
cgatcctcaa 
gcattctgcg 
cggggatcgg 
tgccgctcag 
ggcagattgg 
tggtgaacga 
aagagaccaa 
gggagtgacc 
cccggagcafc 
gctctctggc 
ggcgcagatt 
ggagcttatc 
ccgctcctcg 
gacagtgaat 
gcgtaaagga 
cgccaccacc 
cgggatcgtc 
cgcgctggag 
tcttaacgaa 



ctcgcttcag 
tgctcgaccg 
ggcaggccgc 
gattgtcctg 
ctccaggctt 
ataagcagcg 
gtggcttttt 
acttgttggc 
agtagggggc 
gttattttgt 
attaagggeg 
tgccgccgga 
cgaaattaaa 
ggccgggcgg 
gagccgatga 
tcaggacggg 
tgacccggtc 
ccgggaccag 
cacagagcag 
cgtcagccgg 
ggtgatggcg 
ccggaccccc 
cgctgacgcc 
cgcgcgctac 
cggcgtgttg 
cttaaccagc 
cgatgatacg 
aatgcgctac 
gatgctctac 
gcaaaacggc 
ggtgctggcg 
ccagactttc 
gggcaccgac 
cggctcgaac 
ggttgacggc 
ggcgcgggcg 
ggtggaggcc 
ggatctgagt 
cgcgctgagc 
gcgggtcacc 
gagtgcgg-tc 
cgaacgctgg 
aggcggtatt 
cgagggcggg 
tgccttcgat 
agagctgatt 
cacgtccgac 
catcggtatc 
caacctggag 
caaaaacgct 
tcagatggtg 
acatgtggtg 
atgagcgaga 
atcctgacgc 
gaggtgggcc 
gccgagcaga 
gcca-ttcctg 
caggcggagc 
gccgcctttg 
agctaagcgg 
gaggtggcgc 
gcgacgacgg 
caggccctgg 
gccgcgccgg 



gttataatgc 
taccgccgct 
cgccaaaaat 
gctggaccgc 
tattcaggga 
tgttgcctcc 
tttccaccgc 
tcttgttcat 
gatagtaaaa 
cgcccgccat 
ttttttatta 
gtaaagtttc 
tttatttttt 
caacgacgct 
acaatgaaaa 
ctgattggcg 
tcttcagtaa 
tttgacatga 
gcaatgcgcc 
gaggagatca 
cagatgaacg 
tccaaccagt 
gccgaggccg 
gcgccgttta 
acgcagtgct 
tacgccgaga 
ccgtggtcaa 
acctccggca 
ctcgaatcgc 
gcggtgagct 
gaaaacctga 
tcccactcgg 
tttattttct 
ttcgatgcgg 
ggcctgcgtc 
atccaggcgg 
gccacctacg 
gcggtggaag 
cgcagcggct 
ggcgattacc 
aacgacatca 
gcggagatca 
cctgtgcaac 
gtagcttctg 
aascaccagc 
gccggggtgg 
gtctccttta 
cagtcgaagg 
ctgttctccc 
gcgcgctatg 
cggccgaaat 
caggacgccg 
aaaccatgcg 
ctaccggcaa 
cgcaggatgt 
tgcagcgcca 
acgagcgcat 
tgctggcgat 
tccgggagtc 
aggtcagcat 
tggcgtccga 
gcatgaaagg 
cgaaaacacc 
tgattggcga 



ggaaaaacaa 

aacgccgacg 

aataattcgc 

tgacgtaatt 

aatatcgcag 

gcggtcaact 

cgccgccatt 

cattctctcc 

aactattacc 

gatttagtca 

attgatttat 

atagtgaaac 

tcaccactgg 

ggcccggcgt 

gatcaaaacg 

agtggcctga 

aagtggacaa 

tcgaccgatt 

tggaggcggt 

ttgccatcac 

tggtggagat 

gccacgtcac 

ggatccgcgg 

acgccctggc 

cggtggaaga 

cggtgtcggt 

aggcgttcct 

ccggatccga 

gctgcatctt 

gtatcggcat 

tcgcctctat 

atattcgccg 

ccggctacag 

aagattttga 

cggtgaccga 

ttttccgcga 

cgcacggcag 

agatgatgaa 

ttgaggatat 

tgcagacctc 

atgactatca 

aaaatattcc 

agacaaccca 

ccgatgaacg 

atcacactct 

aagaagaggg 

tggcctggga 

ggaccacggt 

aggcgccgct 

cgcgcaaaga 

ttatggccaa 

agcccgtcac 

cgtgcaggat 

accattgacc 

gcggatctcc 

tgcggtggcg 

tctggctatc 

cgccgacgag 

ggcggaagtg 

gccgttaata 

ctacccgcag 

gacgcgggac 

gtggtcgatg 

tgtggcgatg 



tccagggcgc 
gcgccaatta 
tgttggttgg 
tcatgggtac 
ctggagacga 
acggaaaaca 
tgctgggcgg 
cgcaccagga 
attcggttgg 
atagggttaa 
atcattgcgg 
tgtcggt aga 
ctcatttaaa 
attcgctacc 
atttgcagta 
agaggggctg 
cggtctgatc 
tatcgccgat 
ggaaatagcc 
taccgccatc 
gatgatggcg 
caatctcaaa 
cttctcagaa 
gctgttggtc 
ggccaccgag 
ctacggcacc 
cgcctcggcc 
agcgctgatg 
cattactaaa 
gaccggcgct 
gctcgacctc 
caccgcgcgc 
cgcggtgccg 
tgattacaac 
ggcggaaacc 
gctggggctg 
caacgagatg 
gcgcaacatc 
cgccagcaat 

ggccattctC 

ggggccgggc 
gggcgtggtt 
aattcagccc 
cgccgatgaa 
gatcgatatg 
gcttcacgcc 
tgcggccaac 
catccatcag 
gctgacgctg 
gtcaccttcg 
agccgcgcta 
cctgcacatc 
tatccgttag 
gatattaccc 
cgccagaccc 
cgcaatttcc 
tataacgcgc 
ctggagcaca 
tatcagcagc 
gccgggattg 
gcgagggcgt 
aatatcgccg 
agcgatgtct 
gagaccatca 



actgggctaa 

cctgctcatt 

ttagctgcag 

cttgcttcag 

aggcctcgtc 

ccaccgccac 

cggccagggt 

taacgctggc 

cttgctttat 

aatagcgtcg 

gcgatcacat 

tttcgtgtgc 

gttccgctat 

gtctgcggat 

ctggcccagc 

atcgccatgg 

gtcgaactgg 

tacgcgatca 

cgtatgctgg 

acgccggcca 

ctgcagaaga 

gataatccgg 

caggagacca 

ggttcgcagt 

ctggagctgg 

gaagcggtat 

tacgcctccc 

ggctattcgg 

ggcgccgggg 

gtgccgtcgg 

gaagt ggcgt 

accctgatgc 

aactacgaca 

atcctgcagc 

attgccattc 

ccgccaatcg 

ccgccgcgta 

accggcctcg 

attctcaata 

gatcggcagt 

accggctatc 

cagcccgaca 

tcttttaccc 

gtggtgatcg 

ccccatggcg 

cgggtggtgc 

ctgagcggct 

cgcgatctgc 

gagacctacc 

caggtgccgg 

tttcatatca 

gacttagtaa 

ccacccgctg 

tcgagaaggt 

ttgagtacca 

gccgcgcggc 

tgcgcccgtt 

cctggcatgc 

ggcataagct 

atatcggcaa 

ttgttgccag 

ggaccctcgc 

ctcgcatcta 

ccgagaccat 



6240 
€300 
6360 
6420 
6480 
6540 
6600 
6660 
6720 
6780 
6840 
6900 
6960 
7020 
7080 
7140 
7200 
7260 
7320 
7380 
7440 
7500 
7560 
7620 
7680 
7740 
7800 
7860 
7 920 
7980 
8040 
8100 
8160 
8220 
8280 
8340 
8400 
8460 
8520 
8580 
8640 
8700 
8760 
8820 
8880 
8940 
9000 
9060 
9120 
3180 
9240 
9300 
9360 
9420 
9480 
9540 
9600 
9660 
9720 
9780 
9840 
9900 
9960 
10020 
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tatcaccgaa tcgaccatga tcggtcataa cccgcagacg ccgggcgggg tgggcgttgg 10080 
cgtggggacg actatcgccc tcgggcggct ggcgacgctg ccggcggcgc agtatgccga 1014 0 
ggggtggatc gtactgattg acgacgccgt cgatttcctt gacgccgtgt ggtggctcaa 10200 
tgaggcgctc gaccggggga tcaacgtggt ggcggcgatc ctcaaaaagg acgacggcgt 10260 
gctggtgaac aaccgcctgc gtaaaaccct gccggtggtg gatgaagtga cgctgctgga 10320 
gcaggtcccc gagggggtaa tggcggcggt ggaagtggcc gcgccgggcc aggtggtgcg 10380 
gatcctgtcg aatccctacg ggatcgccac cttcttcggg ctaagcccgg aagagaccca 1044Q 
ggccatcgtc cccatcgccc gcgccctgat tggcaaccgt tccgcggtgg tgctcaagac 10500 
cccgcagggg gatgtgcagt cgcgggtgat cccggcgggc aacctctaca ttagcggcga 10560 
aaagcgccgc ggagaggccg atgtcgccga gggcgcggaa gccatcatgc aggcgatgag 10620 
cgcctgcgct ccggtacgcg acatccgcgg cgaaccgggc acccacgccg gcggcatgct 10680 
tgagcgggtg cgcaaggtaa tggcgtccct gaccggccat gagatgagcg cgatatacat 1074 0 
ccaggatctg ctggcggtgg atacgtttat tccgcgcaag gtgcagggcg ggatggccgg 10800 
cgagtgcgcc atggagaatg ccgtcgggat ggcggcgatg gtgaaagcgg atcgtctgca 108 60 
aatgcaggtt atcgcccgcg aactgagcgc ccgactgcag accgaggtgg tggtgggcgg 10920 
cgtggaggcc aacatggcca tcgccggggc gttaaccact cccggctgtg cggcgccgct 10980 
ggcgatcctc gacctcggcg ccggctcgac ggatgcggcg atcgtcaacg cggaggggca 1104 0 
gataacggcg gtccatctcg ccggggcggg gaatatggtc agcctgttga ttaaaaccga 11100 
gctgggcctc gaggatcttt cgctggcgga agcgataaaa aaatacccgc tggccaaagt 11160 
ggaaagcctg ttcagtattc gtcacgagaa tggcgcggtg gagttctttc gggaagccct 11220 
cagcccggcg gtgttcgcca aagtggtgta catcaaggag ggcgaactgg tgccgatcga 11280 
taacgccagc ccgctggaaa aaattcgtct cgtgcgccgg caggcgaaag agaaagtgtt 113 40 
tgtcaccaac tgcctgcgcg cgctgcgcca ggtctcaccc ggcggttcca ttcgcgatat 11400 
cgcctttgtg gtgctggtgg gcggctcatc gctggacttt gagatcccgc agcttatcac 114 60 
ggaagccttg tcgcactatg gcgtggtcgc cgggcagggc aatattcggg gaacagaagg 11520 
gccgcgcaat gcggtcgcca ccgggctgct actggccggt caggcgaatt aaacgggcgc 11580 
tcgcgccagc ctctctcttt aacgtgctat ttcaggatgc cgataatgaa ccagacttct 1164 0 
accttaaccg ggcagtgcgt ggccgagttt cttggcaccg gattgctcat tttcttcggc 11700 
gcgggctgcg tcgctgcgct gcgggtcgcc ggggccagct ttggtcagtg ggagatcagt 117 60 
attatctggg gccttggcgt cgccatggcc atctacctga cggccggtgt ctccggcgcg 11820 
cacctaaatc cggcggtgac cattgccctg tggctgttcg cctgttttga acgccgcaag 11880 
gtgctgccgt ttattgttgc ccagacggcc ggggccttct gcgccgccgc gctggtgtat 1194 0 
gggctctatc gccagctgtt tctcgatctt gaacagagtc agcatatcgt gcgcggcact 12000 
gccgccagtc ttaacctggc cggggtcttt tccacgtacc cgcatccaca tatcactttt 12060 
atacaagcgt ttgccgtgga gaccaccatc acggcaatcc tgatggcgat gatcatggcc 12120 
ctgaccgacg acggcaacgg aattc 1214 5 

<210> 2 

<211> 22 

<212> mh 

<213> Unknown 

<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 



<210> 3 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 



<400> 2 

gctttctgtg ctgcggcttt 



ag 



22 



<400> 3 

tggtcgagga tccacttcac ttt 



23 



(117) 



<210> 


4 


<«£ JLl > 


D J. 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Description of Artificial 


<220> 




<223> 


primer 


<400> 


4 


aaagtgaagt ggatcctcga ccaattggat 


<210> 


5 


<211> 


23 


<212> 


DNA 


<213> 


Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 5 

ggatcaccgc cgcagaaact acg 

<21D> 6 

<211> 25 

<212> DNA 

<2a3> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<400> 6 

ctgtcagccg ttaagtgttc ctgtg 

<210> 7 

<211> 23 

<212> DMA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<400> 7 

cagttcaacc tgttgatagt acg 

<210> 8 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
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<220> 

<223> primer 

<400> 8 

atgagtcaaa catcaacctt 

<21D> 9 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<400> 9 

atggagaaaa aaatcactgg 

<210> 10 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<400> 10 

ttacgccccg ccctgccact 

<210> 11 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<40Q> 11 

tcagaggatg tgcacctgca 

<210> 12 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 
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20 



primer 



20 



primer 



20 



primer 



20 



primer 



<400> 12 

cgagcatgcc gcatttggca ctactc 



26 



2003-507022 



<210> 13 

<211> 29 

<212> DMA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<400> 13 

gcgtctagag taggttattc ccactcttg 29 

<210> 14 

<211> 26 

<212> DKA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 14 

gaagtcgacc gctgcgcctt atccgg 26 

<210> 15 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<400> 15 

cgcgtcgacg tttacaattt caggtggc 28 

<210> 16 

<211> 23 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence; primer 



<220> 

<223> primer 



<400> 16 

gcagcatgct ggactggtag tag 23 

<210> 17 

<211> 27 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



Description of Artificial Sequence: primer 
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<220> 

<223> primer 

<40O> 17 

cagtctagag ttattggcaa acctacc 27 

<210> 18 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 18 

gatgcatgcc cagggcggag acggc 25 

<210> 19 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<400> 19 

ctaacgattg ttctctagag aaaatgtcc 

<210> 20 

<211> 30 

<212> DMA 

<213> Artificial Sequence 

<220> 
<223> 

<220> 

<223> primer 

<400> 20 

cacgcatgca gttcaacctg ttgatagtac 

<210> 21 

<211> 28 

<212> DNA 

<213> Artificial Sequence 



29 



30 



Description of Artificial Sequence: primer 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 21 

gcgtctagat ccttttaaat taaaaatg 28 

<210> 22 

<211> 51 



(121) 



<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<22Q> 

<22 3> primer 



<400> 


22 




gcgcggatcc aggagtctag aattatggga 


ttgactacta 


<210> 


23 




<211> 


36 




<212> 


DNA 




<213> 


Artificial Sequence 




<220> 






<223> 


Description of Artificial 


Sequence: 


<220> 






<223> 


primer 




<400> 


23 




gatacgcccg ggttaccatt tcaacagatc 


gtcctt 


<210> 


24 




<211> 


34 




<212> 


DNA 




<213> 


Artificial Sequence 





primer 



<220> 
<223> 



Description of Artificial Sequence: primer 



<220> 

<223> primer 



<400> 24 

ttgataatat aaccatggct gctgctgctg afcag 

<21D> 25 

<211> 39 

<212> DNA 

<213> Artificial Sequence 



<220> 

<r223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<40G> 25 

gtatgatatg ttatcttgga tccaataaat ctaatcttc 

<210> 26 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 



(122) 



<400> 26 

catgactagt aaggaggaca attc 

<210> 21 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<22t» 

<223> primer 

<4Q0> 27 

catggaattg tcctccttac tagt 

<210> 28 

<211> 19 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<400> 28 

ctagtaagga ggacaattc 

<210> 29 

<211> 19 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<400> 29 

catggaattg tcctcctta 

<210> 30 

<211> 15 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<220> 

<223> primer 

<400> 30 
gatccaggaa acaga 

<210> 31 

<211> 15 

<212> DMA 

<213> Artificial Sequence 
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24 

primer 

24 

primer 

19 

primer 

19 

primer 
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<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<400> 31 

ctagtctgtt tcctg 15 

<210> 32 

<211> 94 

<212> DNA 

<213> Artificial Sequence 



<22Q> 

<223> Description of Artificial Sequence: terminator 
sequence 

<220> 

<223> terminator sequence 



<400> 32 

agcttaggag tctagaatat tgagctcgaa ttcccgggca tgcggtaccg gatccag 
aaagcccgca cctgacagtg cgggcttttt tttt 



60 
34 



<210> 


33 


<211> 


37 


<212> 


DNA 


<2X3> 


Artificial Sequence 


<220> 




<223> 


Description of Artificial 


<220> 




<223> 


primer 


<400> 


33 


ggaattcaga tctcagcaat gagcgagaaa 


<210> 


34 


<211> 


21 


<212> 


DtfA 


<213> 


Artificial Sequence 



primer 



37 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<40G> 34 

gctctagatt agcttccttt acgcagc 27 

<210> 35 

<211> 33 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 
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<4G0> 35 

ggccaagctt aaggaggtta attaaatgaa aag 

<210> 36 

<211> 26 

<212> DNA 

<213> Artificial Sequence 



33 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 36 

gctctagatt attcaatggt gtcggg 

<210> 37 

<211> 42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; primer 
<220> 

<223> primer 

<400> 37 

gcgccgtcta gaattatgag ctatcgtatg tttgattatc tg 

<210> 38 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 38 

tctgatacgg gatcctcaga atgcctggcg gaaaat 

<210> 39 
<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: linker 
<220> 

<223> linker 
<40G> 39 

tcgacgaatt caggagga 

<210> 40 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: linker 



<220> 

<223> linker 

<400> 40 

ctagtcctcc tgaattcg 18 

<210> 41 

<211> 4549 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial 
<220> 

<223> plasntid 
<400> 41 

agctcgtcag cgggtgttgg cgggtgtcgg 
attgtactga gagtgcacca tatgcggtgt 
taccgcatca ggcgccattc gccattcagg 
cgggcctctt cgctattacg ccagctggcg 
tgggtaacgc cagggttttc ccagtcacga 
ctcggtaccc ggggatcctc tagagtcgac 
gtcatagctg tttcctgtgt gaaattgtta 
cggaagcata aagtgtaaag cctggggtgc 
gttgcgctca ctgcccgctt tccagtcggg 
cggccaacgc gaattcccga cagtaagacg 
ctgggtgcat tagccagtct gaatgacctg 
aaaatcagag ggcaggaact gctgaacagc 
cgccataaaa cgccctgaga agcccgtgac 
tgcatgaatc cataaaaggc gcctgtagtg 
gagcgcagcg aactgaatgt. cacgaaaaag 
caaaaggaat attcagcgat ttgcccgagc 
tttaaggtct gttttgtaga ggagcaaaca 
gaactgacta aagtagtgag ttatacacag 
attctttctt tattctataa attataacca 
gtctagcgga atttacagag ggtctagcag 
agaatttaca gatacccaca actcaaagga 
atctcaattg gtatagtgat taaaatcacc 
ttgttttcaa agcaaatgaa ctagcgatta 
agctaatttt atgctgtgtg gcactactca 
aacggacggt atcgttcact tataaccaat 
atgcttatgg tgtattagct aaagcaacca 
ggaatccttt ggttaaaggc tttgagattt 
gcgaaaaatt agaattagtt tttagtgaag 
aattcataaa atataatctg gaacatgtta 
tttatgagtg gttattaaaa gaactaacac 
ttagccttga tgaatttaag ttcatgttaa 
ggcttaacca atgggttttg aaaccaataa 
aattggtggt tgataagcga ggccgcccga 
atagacaaat ggatctcgta accgaacttg 
aaataccaac aaccattaca tcagattcct 
acgatgcttt aactgcaaaa attcagctca 
tgcaaagtaa gtatgatctc aatggttcgt 
cactagagaa catactggct aaatacggaa 
atcagtgaag catcaagact aacaaacaaa 
aagggaaaac tgtccatatg cacagatgaa 
cttttacgag tttttggtgc attcaaagct 
gatgaacagc atgtaacacc taatagaaca 



Sequence: pCL!920 



ggctggctta actatgcggc atcagagcag 60 
gaaataccgc acagatgcgt aaggagaaaa 12Q 
ctgcgcaact gttgggaagg gcgatcggtg 180 
aaagggggat gtgctgcaag gcgattaagt 240 
cgttgtaaaa cgacggccag tgaattcgag 300 
ctgcaggcat gcaagcttgg cgtaatcatg 360 
tccgctcaca attccacaca acatacgagc 420 
ctaatgagtg agctaactca cattaattgc 480 
aaacctgtcg tgccagctgc attaatgaat 540 
ggtaagcctg ttgatgatac cgctgcctta 600 
tcacgggata atccgaagtg gtcagactgg 660 
aaaaagtcag atagcaccac atagcagacc 720 
gggcttttct tgtattatgg gtagtttcct 780 
ccatttaccc ccattcactg ccagagccgt 84 0 
acagcgactc aggtgcctga tggtcggaga 900 
ttgcgagggt gctacttaag cctttagggt 960 
gcgtttgcga catccttttg taatactgcg 1020 
ggctgggatc tattcttttt atcttttttt 1080 
cttgaatata aacaaaaaaa acacacaaag 1140 
aatttacaag ttttccagca aaggtctagc 1200 
aaaggactag taattatcat tgactagccc 1260 
tagaccaatt gagatgtatg tctgaattag 1320 
gtcgctatga cttaacggag catgaaacca 1380 
accccacgat tgaaaaccct acaaggaaag 14 40 
acgctcagat gatgaacatc agtagggaaa 1500 
gagagctgat gacgagaact gtggaaatca 1560 
tccagtggac aaactatgcc aagttctcaa 1620 
agatattgcc ttatcttttc cagttaaaaa 1680 
agtcttttga aaacaaatac tctatgagga 174 0 
aaaagaaaac tcacaaggca aatatagaga 1800 
tgcttgaaaa taactaccat gagtttaaaa 1860 
gtaaagattt aaacacttac agcaatatga 1920 
ctgatacgtt gattttccaa gttgaactag 1980 
agaacaacca gataaaaatg aatggtgaca 2040 
acctacataa cggactaaga aaaacactac 2100 
ccagttttga ggcaaaattt ttgagtgaca 2160 
tctcatggct cacgcaaaaa caacgaacca 2220 
ggatctgagg ttcttatggc tcttgtatct 2280 
agtagaacaa ctgttcaccg ttacatatca 2340 
aacggtgtaa aaaagataga tacatcagag 2400 
gttcaccatg aacagatcga caatgtaaca 24 60 
ggtgaaacca gtaaaacaaa gcaactagaa 252 0 
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catgaaattg aacacctgag acaacttgtt 
aaacaggcga tgctgcttat cgaatcaaag 
cccgtgggga aaaaatcatg gcaattctgg 
ctgaagccgg atctgcgatt ctgataacaa 
gcagcaaaac ccgtgggaat taattcccct 
gtaacatcaa ggcccgatcc ttggagccct 
cgaaatccag atccttgacc cgcagttgca 
acagaagctg ggcgaacaaa cgatgctcgc 
catccggggt cagcaccacc ggcaagcgcc 
gccagggcag atccgtgcac agcaccttgc 
gacgatgcgt ggagaccgaa accttgcgct 
cttcgctgct gcccaaggtt gccgggtgac 
cccagtggac ataagcctgt tcggttcgta 
gcaactggtc cagaaccttg accgaacgca 
tggcttgtta tgactgtttt tttggggtac 
cgcgttacgc cgtgggtcga tgtttgatgt 
gcagtcgccc taaaacaaag ttaaacatca 
ctcaactatc agaggtagtt ggcgtcatcg 
tacatttgta cggctccgca gtggatggcg 
tggttacggt gaccgtaagg cttgatgaaa 
tggaaacttc ggcttcccct ggagagagcg 
ttgtgcacga cgacatcatt ccgtggcgtt 
aatggcagcg caatgacatt cttgcaggta 
tggctatctt gctgacaaaa gcaagagaac 
aggaactctt tgatccggtt cctgaacagg 
cgctatggaa ctcgccgccc gactgggctg 
cccgcatttg gtacagcgca gtaaccggca 
gggcaatgga gcgcctgccg gcccagtatc 
atcttggaca agaagaagat cgcttggcct 
actacgtgaa aggcgagatc accaaggtag 
gccgacgccg cttcgcggcg cggcttaact 
ctcacagcca aactatcagg tcaagtctgc 
cctacacaaa ttgggagata tatcatgaaa 
ggcgaagtaa tcgcaacatc cgcattaaaa 

<210> 42 

<211> 199 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 



acagctcaac agtcacacat agacagcctg 2580 
ctgccgacaa cacgggagcc agtgacgcct 2640 
aagaaatagc gctttcagcc ggcaaaccgg 2700 
actagcaaca ccagaacagc ccgtttgcgg 27 60 
gctcgcgcag gctgggtgcc aagetctcgg 2820 
tgccctcccg cacgatgatc gtgccgtgat 2880 
aaccctcact gatccgcatg cccgttccat 294 0 
cttccagaaa accgaggatg cgaaccactt 3000 
gcgacggccg aggtcttccg atctcctgaa 3060 
cgtagaagaa cagcaaggcc gccaatgcct 3120 
cgttcgccag ccaggacaga aatgcctcga 3180 
gcacaccgtg gaaacggatg aaggcacgaa 3240 
agctgtaatg caagtagcgt atgcgctcac 3300 
gcggtggtaa cggcgcagtg gcggttttca 3360 
agtctatgcc tcgggcatcc aagcagcaag 3420 
tatggagcag caacgatgtt acgcagcagg 34 80 
tgagggaagc ggtgatcgcc gaagtatcga 3540 
agcgccatct cgaaccgacg ttgctggccg 3600 
gcctgaagcc acacagtgat attgatttgc 3660 
caacgcggcg agctttgatc aacgaccttt 3720 
agattctccg cgctgtagaa gtcaccattg 3780 
atccagctaa gcgcgaactg caatttggag 3840 
tcttcgagcc agccacgatc gacattgatc 3900 
atagcgttgc cttggtaggt ccagcggcgg 3960 
atctatttga ggcgctaaat gaaaccttaa 4020 
gcgatgagcg aaatgtagtg cttacgttgt 4 080 
aaatcgcgcc gaaggatgtc gctgccgact 4140 
agcccgtcat acttgaagct agacaggctt 4 200 
cgcgcgcaga tcagttggaa gaatttgtcc 4260 
tcggcaaata atgtctaaca attcgttcaa 4 320 
caagcgttag atgcactaag cacataattg 4380 
ttttattatt tttaagcgtg cataataagc 4440 
ggctggcttt ttcttgttat cgcaatagtt 4500 
tctagcgagg gctttacta 4549 



Sequence: glucose isomerase promoter 



<220> 

<223> promoter 
<400> 42 

gaattcacta gtcgatctgt gctgtttgcc 
gctcgcacgc tcgactgtcg gacgggggca 
cccttgacaa tgccacatcc tgagcaaata 
cccggaggta accaagctt 



acggtatgca gcaccagcgc gagattatgg 60 
ctggaacgag aagtcaggcg agccgtcacg 120 
attcaaccac taaacaaatc aaccgcgttt 180 

199 



<210> 43 

<211> 21 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 



2003-507022 



<400> 43 

gacgcaacag tattccgtcg c 21 

<21D> 44 

<211> 42 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence; primer 



<220> 

<223> primer 

<400> 44 

atgagctatc gtatgttccg ccaggcattc tgagtgttaa eg 42 

<210> 45 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<4D0> 45 

gcctggcgga acatacgata gctcataata tac 33 

<210> 46 

<211> 21 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<400> 46 

eggggegctg ggecagtact g 21 

<210> 47 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 
<220> 

<223> primer 

<400> 47 

tcaaacccgg tggtttctcg egaceggg 28 



<210> 48 
<211> 28 



#^2003-507022 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 48 

ctcagccgga tatcgacggc gcgctggt 28 

<210> 49 

<211> 60 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> primer 

<400> 49 

accagcgcgc cgtcgatatc cggctgagta ctcaacacct gccagctctt tacgcaggtt 60 

<210> 50 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 

<400> 50 

cagcatgcct gcgaaccaca ggcctatc 

<21Q> 51 

<211> 28 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



<400> 51 

atgaacaagt ggggcgtagg gttaacat 2 8 

<210> 52 

<211> 28 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<220> 

<223> primer 



(129) 
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<400> 52 

ttaattactt gatttattgt cggcttta 

<210> 53 

<2H> 1380 

<212> DWA 

<213> Saccharomyces cerevisiae 



<400> 53 

ctttaatttt cttttatctt actctcctac ataagacatc aagaaacaat tgtatattgt 60 

acaccccccc cctccacaaa cacaaatatt gataatataa agatgtctgc tgctgctgat 120 

agattaaact taacttccgg ccacttgaat gctggtagaa agagaagttc ctcttctgtt 180 

tctttgaagg ctgccgaaaa gcctttcaag gttactgtga ttggatctgg taactggggt 240 

actactattg ccaaggtggt tgccgaaaat tgtaagggat acccagaagt tttcgctcca 300 

atagtacaaa tgtgggtgtt cgaagaagag atcaatggtg aaaaattgac tgaaatcata 360 

aatactagac atcaaaacgt gaaatacttg cctggcatca ctctacccga caatttggtt 420 

gctaatccag acttgattga ttcagtcaag gatgtcgaca tcatcgtttt caacattcca 4 80 

catcaatttt tgccccgtat ctgtagccaa ttgaaaggtc atgttgattc acacgtcaga $40 

gctatctcct gtctaaaggg ttttgaagtt ggtgctaaag gtgtccaatt gctatcctct 600 

tacatcactg aggaactagg tattcaatgt ggtgctctat ctggtgctaa cattgccacc 660 

gaagtcgctc aagaacactg gtctgaaaca acagttgctt accacattcc aaaggatttc 720 

agaggcgagg gcaaggacgt cgaccataag gttctaaagg ccttgttcca cagaccttac 780 

ttccacgtta gtgtcatcga agatgttgct ggtatctcca tctgtggtgc tttgaagaac 84 0 

gttgttgcct taggttgtgg tttcgtcgaa ggtctaggct ggggtaacaa cgcttctgct 900 

gccatccaaa gagtcggttt gggtgagatc atcagattcg gtcaaatgtt tttcccagaa 960 

tctagagaag aaacatacta ccaagagtct gctggtgttg ctgatttgat caccacctgc 1020 

gctggtggta gaaacgtcaa ggttgctagg ctaatggcta cttctggtaa ggacgcctgg 1080 

gaatgtgaaa aggagttgtt gaatggccaa tccgctcaag gtttaattac ctgcaaagaa 1140 

gttcacgaat ggttggaaac atgtggctct gtcgaagact tcccattatt tgaagccgta 1200 

taccaaatcg tttacaacaa ctacccaatg aagaacetgc cggacatgat tgaagaatta 1260 

gatctacatg aagattagat ttattggaga aagataacat atcatacttc ccccactttt 1320 

ttcgaggctc ttctatatca tattcataaa ttagcattat gtcatttctc ataactactt 1380 

<210> 54 
<211> 391 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 54 

Met Ser Ala Ala Ala Asp Arg Leu Asn Leu Thr Ser Gly His Leu Asn 
15 10 15 

Ala Gly Arg Lys Arg Ser Ser Ser Ser Val Ser Leu Lys Ala Ala Glu 
20 25 30 

Lys Pro Phe Lys Val Thr Val lie Gly Ser Gly Asn Trp Gly Thr Thr 
35 40 45 

lie Ala Lys Val Val Ala Glu Asn Cys Lys Gly Tyr Pro Glu Val Phe 
50 55 60 

Ala Pro lie Val Gin Met' Trp Val Phe Glu Glu Glu He Asn Gly Glu 
65 70 75 80 

Lys Leu Thr Glu He He Asn Thr Arg His Gin Asn Val Lys Tyr Leu 
85 90 95 

Pro Gly He Thr Leu Pro Asp Asn Leu Val Ala Asn Pro Asp Leu He 
100 105 HO 



Asp Ser Val Lys Asp Val Asp He He Val Phe Asn He Pro His Gin 
115 120 125 



(130) 
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Phe Leu Pro Arg lie Cys Ser Gin Leu Lys Gly His Val Asp Ser His 
130 135 140 

Val Arg Ala lie Ser Cys Leu Lys Gly Phe Glu Val Gly Ala Lys Gly 
145 150 155 160 

Val Gin Leu Leu Ser Ser Tyr He Thr Glu Glu Leu Gly He Gin Cys 
165 ~ 170 175 

Gly Ala Leu Ser Gly Ala Asn He Ala Thr Glu Val Ala Gin Glu His 
180 185 190 

Trp Ser Glu Thr Thr Val Ala Tyr His He Pro Lys Asp Phe Arg Gly 
195 200 205 

Glu Gly Lys Asp Val Asp His Lys Val Leu Lys Ala Leu Phe His Arg 
210 215 220 

Pro Tyr Phe His Val Ser Val He Glu Asp Val Ala Gly He Ser He 
225 230 235 240 

Cys Gly Ala Leu Lys Asn Val Val Ala Leu Gly Cys Gly Phe Val Glu 
245 250 255 

Gly Leu Gly Trp Gly Asn Asn Ala Ser Ala Ala He Gin Arg Val Gly 
260 265 270 

Leu Gly Glu He He Arg Phe Gly Gin Met Phe Phe Pro Glu Ser Arg 
275 280 285 

Glu Glu Thr Tyr Tyr Gin Glu Ser Ala Gly Val Ala Asp Leu He Thr 
290 295 300 

Thr Cys Ala Gly Gly Arg Asn Val Lys Val Ala Arg Leu Met Ala Thr 
305 310 315 320 

Ser Gly Lys Asp Ala Trp Glu Cys Glu Lys Glu Leu Leu Asn Gly Gin 
325 330 335 

Ser Ala Gin Gly Leu He Thr Cys Lys Glu Val His Glu Trp Leu Glu 
340 345 350 

Thr Cys Gly Ser Val Glu Asp Phe Pro Leu Phe Glu Ala Val Tyr Gin 
355 360 365 

He Val Tyr Asn Asn Tyr .Pro Met Lys Asn Leu Pro Asp Met He Glu 
370 375 380 

Glu Leu Asp Leu His Glu Asp 
385 390 

<210> 55 
<211> 753 
<212> DMA 

<213> Saccharomyces cerevisiae 
<400> 55 

atgggattga ctactaaacc tctatctttg aaagttaacg ccgctttgtt cgacgtcgac 60 
ggtaccatta tcatctctca accagccatt gctgcattct ggagggattt cggtaaggac 120 
aaaccttatt tcgatgctga acacgttatc caagtctcgc atggttggag aacgtttgat 180 
gccattgcta agttcgctcc agactttgoc aatgaagagt atgttaacaa attagaagct 240 
gaaattccgg tcaagtacgg tgaaaaatcc attgaagtcc caggtgcagt taagctgtgc 300 
aacgctttga acgctctacc aaaagagaaa tgggctgtgg caacttccgg tacccgtgat 360 
atggcacaaa aatggttcga gcatctggga atcaggagac caaagtactt cattaccgct 420 



(131) 
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aatgatgtca aacagggtaa gcctcatcca gaaccatatc tgaagggcag gaatggctta 480 

ggatatccga tcaatgagca agacccttcc aaatctaagg tagtagtatt tgaagacgct 54 0 

ccagcaggta ttgccgccgg aaaagccgcc ggttgtaaga tcattggtat tgccactact 600 

ttcgacttgg acttcctaaa ggaaaaaggc tgtgacatca ttgtcaaaaa ccacgaatcc 660 

atcagagttg gcggctacaa tgccgaaaca gacgaagttg aattcatttt tgacgactac 720 

ttatatgcta aggacgatct gttgaaatgg taa 753 

<210> 56 
<211> 250 
<212> PRT 

<213> Sac char omyces cerevisiae 
<400> 56 

Met Gly Leu Thr Thr Lys Pro Leu Ser Leu Lys Val Asn Ala Ala Leu 
15 10 15 

Phe Asp Val Asp Gly Thr lie He He Ser Gin Pro Ala He Ala Ala 
20 25 30 

Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr Phe Asp Ala Glu His 
35 40 45 

Val He Gin Val Ser His Gly Trp Arg Thr Phe Asp Ala He Ala Lys 
50 55 60 

Phe Ala Pro Asp Phe Ala Asn Glu Glu Tyr Val Asn Lys Leu Glu Ala 
65 70 75 80 

Glu He Pro Val Lys Tyr Gly Glu Lys Ser He Glu Val Pro Gly Ala 
85 90 95 

Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro Lys Glu Lys Trp Ala 
100 105 HO 

Val Ala Thr Ser Gly Thr Arg Asp Met Ala Gin Lys Trp Phe Glu His 
115 120 125 

Leu Gly lie Arg Arg Pro Lys Tyr Phe He Thr Ala Asn Asp Val Lys 
130 135 140 

Gin Gly Lys Pro His Pro Glu Pro Tyr Leu Lys Gly Arg Asn Gly Leu 
145 150 155 160 

Gly Tyr Pro He Asn Glu Gin Asp Pro Ser Lys Ser Lys Val Val Val 
165 170 175 

Phe Glu Asp Ala Pro Ala Gly He Ala Ala Gly Lys Ala Ala Gly Cys 
180 185 190 

Lys He He Gly He Ala Thr Thr Phe Asp Leu Asp Phe Leu Lys Glu 
195 200 205 

Lys Gly Cys Asp lie He Val Lys Asn His Glu Ser He Arg Val Gly 
210 215 220 

Gly Tyr Asn Ala Glu Thr Asp Glu Val Glu Phe He Phe Asp Asp Tyr 
225 230 235 240 

Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp 
245 250 

<210> 57 
<211> 387 
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<212> PRT 
<213> £. coli 

<400> 57 

Met Asn Asn Phe Asn Leu His Thr Pro Thr Arg lie Leu Phe Gly Lys 
15 10 15 

Gly Ala He Ala Gly Leu Arg Glu Gin He Pro His Asp Ala Arg Val 
20 25 30 

Leu lie Thr Tyr Gly Gly Gly Ser Val Lys Lys Thr Gly Val Leu Asp 
35 40 45 

Gin Val Leu Asp Ala Leu Lys Gly Met Asp Val Leu Glu Phe Gly Gly 
50 55 60 

lie Glu Pro Asn Pro Ala Tyr Glu Thr Leu Met Asn Ala Val Lys Leu 
65 70 75 80 

Val Arg Glu Gin Lys Val Thr Phe Leu Leu Ala Val Gly Gly Gly Ser 
85 90 95 

Val Leu Asp Gly Thr Lys Phe He Ala Ala Ala Ala Asn Tyr Pro Glu 
100 105 HO 

Asn lie Asp Pro Trp His He Leu Gin Thr Gly Gly Lys Glu He Lys 
115 120 125 

Ser Ala He Pro Met Gly Cys Val Leu Thr Leu Pro Ala Thr Gly Ser 
130 135 140 

Glu Ser Asn Ala Gly Ala Val lie Ser Arg Lys Thr Thr Gly Asp Lys 
145 150 155 160 

Gin Ala Phe His Ser Ala His Val Gin Pro Val Phe Ala Val Leu Asp 
165 170 175 

Pro Val Tyr. Thr Tyr Thr Leu Pro Pro Arg Gin Val Ala Asn Gly Val 
180 185 190 

Val Asp Ala Phe Val His Thr Val Glu Gin Tyr Val Thr Lys Pro Val 
195 200 205 

Asp Ala Lys He Gin Asp Arg Phe Ala Glu Gly He Leu Leu Thr Leu 
210 215 220 

lie Glu Asp Gly Pro Lys Ala Leu Lys Glu Pro Glu Asn Tyr Asp Val 
225 230 235 240 

Arg Ala Asn Val Met Trp Ala Ala Thr Gin Ala Leu Asn Gly Leu lie 
245 250 255 

Gly Ala Gly Val Pro Gin Asp Trp Ala Thr His Met Leu Gly His Glu 
260 265 270 

Leu Thr Ala Met His Gly Leu Asp His Ala Gin Thr Leu Ala He Val 
275 280 285 

Leu Pro Ala Leu Trp Asn Glu Lys Arg Asp Thr Lys Arg Ala Lys Leu 
290 295 300 

Leu Gin Tyr Ala Glu Arg Val Trp Asn He Thr Glu Gly Ser Asp Asp 
305 310 315 320 
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Glu Arg lie Asp Ala Ala lie Ala Ala Thr Arg Asn Phe Phe Glu Gin 
325 330 335 

Leu Gly Val Pro Thr His Leu Ser Asp Tyr Gly Leu Asp Gly Ser Ser 
340 345 350 

lie Pro Ala Leu Leu Lys Lys Leu Glu Glu His Gly Met Thr Gin Leu 
355 360 365 

Gly Glu Asn His Asp He Thr Leu Asp Val Ser Arg Arg He Tyr Glu 
370 375 380 



Ala Ala Arg 
385 



<210> 58 
<211> 1164 
<212> DNA 
<213> E. coli 



<400> 58 

atgaacaact ttaatctgca cacccceacc 
ggtttacgcg aacaaattcc tcacgatgct 
gtgaaaaaaa ccggcgttct cgatcaagtt 
gaatttggcg gtattgagcc aaacccggct 
gttcgcgaac agaaagtgac tttcctgctg 
accaaattta tcgccgcagc ggctaactat 
caaacgggcg gtaaagagat taaaagcgcc 
gcaaccggtt cagaatccaa cgcaggcgcg 
caggcgttcc attctgccca tgttcagccg 
tacaccctgc cgccgcgtca ggtggctaac 
gaacagtatg ttaccaaacc ggttgatgcc 
ttgctgacgc taatcgaaga tggtccgaaa 
cgcgccaacg tcatgtgggc ggcgactcag 
ccgcaggact gggcaacgca tatgctgggc 
cacgcgcaaa cactggctat cgtcctgcct 
cgcgctaagc tgctgcaata tgctgaacgc 
gagcgtattg acgccgcgat tgccgcaacc 
acccacctct ccgactacgg tctggacggc 
gaagagcacg gcatgaccca actgggcgaa 
cgtatatacg aagccgcccg ctaa 



cgcattctgt ttggtaaagg cgcaatcgct 60 
cgcgtattga ttacctacgg cggcggcagc 120 
ctggatgccc tgaaaggcat ggacgtgctg 180 
tatgaaacgc tgatgaacgc cgtgaaactg 24 0 
gcggttggcg gcggttctgt actggacggc 300 
ccggaaaata tcgatccgtg gcacattctg 360 
atcccgatgg gctgtgtgct gacgctgcca 420 
gtgatctccc gtaaaaccac aggcgacaag 4 80 
gtatttgccg tgctcgatcc ggtttatacc 540 
ggcgtagtgg acgcctttgt acacaccgtg 600 
aaaattcagg accgtttcgc agaaggcatt 660 
gccctgaaag agccagaaaa ctacgatgtg 720 
gcgctgaacg gtttgattgg cgctggcgta 780 
cacgaactga ctgcgatgca cggtctggat 840 
gcactgtgga atgaaaaacg cgataccaag 900 
gtctggaaca tcactgaagg ttccgatgat 960 
cgcaatttct ttgagcaatt aggcgtgccg 1020 
agctccatcc cggctttgct gaaaaaactg 1080 
aatcatgaca ttacgttgga tgtcagccgc 114 0 

1164 



<210> 59 
<211> 32 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Primer 
<400> 59 

gcggtaccgt tgctcgacgc tcaggttttc gg 



<210> 60 
<211> 33 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Primer 
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<40G> 60 

gcgagctcga cgcttgccct gatcgagttt tgc 

<210> 61 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 61 

gcgagctcga cgcttgccct gatcgagttt tgc ^ 

<210> 62 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 62 

cagctggcaa ttccggttcg * u 

<210> 63 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 63 

cccagctggc aattccggtt cgcttgctgt 3° 

<210> 64 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 64 

ggcgacccga cgctccagac ggaagctggt ^ u 

<210> 65 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

o 

£220> 

<223> Description of Artificial Sequence : Primer 



<400> 65 

ccgcaagatt cacggatgca tcgtgaaggg 
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<210> 66 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 66 

cgccttcttg acgagttctg agcggga 27 



<210> 67 

<211> 30 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence; Primer 
<400> 67 

ggaattcatg aacaacttta atctgcacac 30 



<210> 68 

<211> 30 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Primer 
<400> 68 

gtttgaggcg taaaaagctt agcgggcggc 
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